JP 2004-531125 A 2004.10.7 



(i9)B*Htt»i?(JP) 02) ft ^ $t l*F & SS(A) (lDftftUfl&aa* 

8112004-531125 
(P2004-531125A) 
(43)&HB SPJ*16$10B7B(2004.10.7) 



(51) Int. CI. 7 Fl f-v^-H 



H04S 


7/00 


H04S 


7/00 


F 


5C022 


H04N 


5/232 


H04N 


5/232 


Z 


5D01 8 


H04R 


1/40 


H04R 


1/40 


3 1 0 


5D062 


H04S 


3/00 


H04S 


3/00 


Z 





(2i) &m&^ 


q$JSI2002-576475 (P2002-576475) 


(71) fcJBA 


502113699 


(86) (22) WSS 0 


¥^14^270 (2002.3.27) 




1. . . 9 %tv ¥ 


fe5)fBIRXiSfcB 


¥JK15*9^26B (2003. 9.26) 




7>IB. 4r>^!>v^ n 


(86) issiaaiiss^ 


PCT/GB2002/001472 






<87)EIS£Wm^ 


TC002/078388 






(87)G3|g&MB 


¥^514^10^38(2002. 10.3) 


(74) KM A 


100066692 


(31)«ftfi£3Sli^ 


0107699.1 




#ji± mt « 


(32)S5fcB 


¥^13^27B(2001.3.27) 


(74) RSA 


100072040 


(33)«ft*i±KEI 


£E(GB) 




#ji± a« m 


(31)ff5tte£5R#^ 


0200291.3 


(74)WIA 


100091339 


(32)£ftB 


¥#14^LS 8 0 (2002.1.8) 






(33)«5t«l3£5SS 


3*11 (GB) 


(74)^11 A 


100094673 



















(54) [gnosm #»4ff*)asr^a*«tv«ii 



(57) [B»] 

BVMU tnt©&«*4tiEi/Mftte. c*i&***ve 
noiitfjgBMHctffiJu »fa©««*H¥oasn5j: 

L. e»!i«3&i|ia5Ci«:j:SieB*jSHBf S. ^2 
Wis F ■ ? + *^KffJDL/c3ffli%%* 

rat. >F t*;ncJSffli/T. 

©aura. ratt©tiu&Eft8&itftu ¥B3rtKij 
i»-c«ifci&artt*^ii$. »6©jb«-c«. es©iw* 

AWteitfJatltWfc-SM.*. »7©«»t?tt. ^7^7 




JP 2004-531125 A 2004.10.7 



maaaMioT w*fflv»-c, mk<n*t*jy k !jaj?-#ifc-c 

$) o 

£f-^;i^tc^2M^il£M}RT£7-r y -?X*&<oT, MUtfe 2 m&i&Z , BUIE7W 
[W*% 2) 

m$Mi t Kit 2 tm<oiom-&^x, mi^v^^zutzM^^M-tzittK, am 

[fi*JS3] , 
[»*«6] 

HUB 7 W ^ £ TO* 4 "C O £ f£ * * * <£> ^^<7) * $.f£ WSS J$ C T , 

[R*£8] 

[ff*A 9 ] 
0] 

K£$6ftv>L9m>f*i7MJ®KfS&<7>lllKM>T^ 1MB* 2 aSi^S*** 
ill 
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mTf£^&< t "b 10^7^ K • K • f-^JWcftLT, #aJ*«»StMtT 

*liffi8Hfc£SiR-f**ry7-C*ot\ fltrfE& l il&ffi*, il&£**iWOgtJMB*>llf 

«M£+*f- * * * £ *t t 2 iI3£fi ?rMnxf7moT> flI1E$ 2 M%i& * , 
[ft 5}US 1 2 ] 

im*M 1 3] 

14] 

MfE^fc <H1 K • -9-^> K • ft*»LT, &#;b«f£KMLT 

»2aii**a4Ri- at^fiot, f<rfESI2jIM{ii£, tMB7W*&«JRst4-e 

■9-*«6S*Ttt»*ll*lWrlB^ 1 f y 7"(i, SC, 

fulfil < £ & lo<7)Hfv^> K • ^> K • -7^ *Jl>£^1-flrfe^<Z>&&$&^ huIE 

^H-rti^aiA^ff is «t raiE^ft < t i> 1 o w 9 s > k • > k • -7 * * ;n-o 

1 5 ] 

B!E^^^^^^^1-^€-ttMIE^2ji3i$:^x.^>, 

Hl7&, ^"feo 

1 7 ] 
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[WXMl 8] 
[S!*3U 9] 

&1}W8m<r>7V4 k, 

mffa^& <itl oc7)-^9^> K • ^<>> K • f--v*/P*^1-flrffi-|g-§-0#|g8&£, iria 
<£ ft ^*ft <7) ^^ff <7? mi £ 7 W & if & j£l j& C T MR L * ft ^-'ft l aBHilrtf »t 

SM^S k , 
[S!«2 ]] 

fa^-t <*>&&fi^ ttriE^ft-efto^^ofriB7u>f ^feits^m^j^CT^t^^ 
ft<efto& iaj£te/itta£*-ii\ iriB^^f-^ *;u*3fsg^iRinsaji-4 J: 9 

-COliflEf- * JK^W^^iSfeHRffia^fS CT«^ L Ttr^ft-e-ftcT)^ 2 a36ffi/i»t 
J: 9 MfD&SftTV^, 
[fit Jl 2 3] 

[If* * 2 5]. 
lt1E#2ag*SK1-*J:$fc*Jft3*i , tV&, gfio 

[»5^T1 2 6 ] 
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[UB*£2 7] 

1 1 L 1 9 <7)^f'tL^ 1 SK!£f£<^&£ £fift#Jg 2 0 £V> L 2 6 m>-f *l 
^l«Kffi«oiian*^T % tfTfEtH:fc&&$**?*-BD PWMif«l«iJ:oTil 

imtm 2 s ] 

[W*#2 9] 
[H 3 0 ] 

[tt*« 3 1 ] 

[ft^ 3 2 ] 

WS^^gn^MCf L-^^ttSJ:^:, Tt&fEe7**iIM*ft2t-7a, # 

im«3 3] 

; v t CD n k n# M W * M jfctf * ft ? g S "C & o T , 

* $ *i* <t o «■* L tf ajitt/ilt x £ 3 J: $ fcfll 

3 4 ] 

to 

3 5 ] 

x miS 7 V W « $g 4 "C <7) g % J- * * )U <7) 60 ? $ (SM Kit t £ £ T tm ? *L 4 
(StJfafi 3 6 ] 

m*r%3 5E*«)gitKj3V>t\ J: OSIERS li> K • f-**/KDl$ 
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[f»*8 3 7 ] 
[ft 3 8 ] 

tZZry -ft, 

imtm 3 9 ] 

[St*£4 0] 

ISM3 8 * £Ji3 9 KfE&0;££K*3V>T> HirfBffl^S 9 4 y Wm&l*, MttZtl? 
[ff#^4 1] 

[ft*«4 3] 

[Il$g4 4] 
[»*E4 5] 

»*S4 3 i fell 4 4 fcSE**>36ttfc*nT, 1MB* 4 y K*^g* % ttlEttft#g*)fe 
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[mtm 4 6 ] 
[HaIOS 4 7] 
4 8 ] 

[fi^js 4 9 ] 
[ft 5 0 ] 

> ^i5€-t^U*»ta*®«g<75, g 53" * tB * 7 4 fcfclw^Ufcft 

[!t« 5 1 ] 

m*m 52] 

[ff*S 5 3 ] 
[St*«5 4] 

[ft 5 5 ] 
[»*8 5 7] 

Uti, ffi!B7W*>»>jas$Hc**aiag!MIJ: U fc/h3v> v gfi 0 
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iwtm 5 9 ] 
[St*8 6 o ] 

[WtM 6 1 ] 

mtme o»twi:J3^t, #a}#^»<7)77^? hjt^ utieaiifc&iSfc't 
tt©ttMfcfcWfc-+i£fc*fr-*-*Jfc*i urjiai$iir*ij, liner*'** hJt#4>* 
< k i> 2 : l -c&a, ti^W o 

o 

[I$I6 3] 

m*Tg 6 4 ] 

[mim 6 5 ] 
t, 

6 6] 

o f - * * ;p k *r ? s # & a* *> <7) # afc#nt f m 7 * - ft 7s & ft k. m b# t ^ ij ai- a 
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[W*^ 6 8 ] 

M $ ti lilfcfr <7>£ M ft t K £ v> Tiff 15 1 $ Z> i iK f s m k , 

^^7*-*^gtjSC.T3IKLfc'5-*L-€-*tL<^ji5ift7'i»t, &Xjjfe J %-£MS£$ J tT 
>!®&S&£#T, flffia^-r^;K7>^5*^^^^^;i/^|igLTifIB7* 

LT> |trfB7^-^^M^[q]ftT^ai1-^> KLtc^mt, 
£&A;&4g-tfc# LT, #aj£«^i: 7 * -a 7ftl£ OMOffitt^ftji U 

#-of- r ^;wn*n-*#^^f><^^^frie^K 7 * - a *#tf kibhsksis* & 
#A*#^<^tti8uwLTiffiB^*i^*L^aK**tf»r*tt«#e*#^Tv^, $it 

°[«IS7 0] 
[1157 1] 
[W5R5 7 2] 

m$&M6 8 & L7 1 ^1-"*tJ&»l^fcfESto361tfcis^T, K|Eilio^4 < k 1 o 
[St $8 7 3 ] 

tf a - 7 r -f 7 ^ $ it {* % <n\k<D H li £ ffl n t , m ttmtfffim <n ^-e*S^ ^ 
lWMm7 4] 

^7 > K* k'Z fc£fflT* o T, 
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[ft** 7 5] 
[ft** 7 6 ] 

»**7 3 $^{*7 4 ^mm^m^^x, mtt<D&$&*m^xmz*t ^ > rutm 

[ft** 7 7 ] 
-%&m<D \£T* • U * V t , 

ir!££B#^$&2y?)7 Wfc <fc tfrnffStf • jM?**!HiLT, fir IE 7 W ji^O^^ ^ 

*ft*.TV»4i6ft 0 
[1*17 8] 

ft** 7 7fE«e5*fllK*V»T, IfTie*^ 9*«rlE7W KW\)tt\ftz, MMo 
[ft** 7 9] 

!i**7 l*tz\il 8KfZm<DmW.Kte^X, tttftfVs K • bf-Ali, ^itiJ:?K 
[flf**8 0] 

ft** 7 7 4 /s*± 7 9 UtB«S>i61tfci5V»T, K • If- -Mi, ttrfS* ^ 

[&H<&fMffl&iJiE] 

[#*fl»] 

[0 0 0 1 ] 

j*fal>rt&£»7 >t7 (steerable acoustic antennae '. 7>t~T*7 7;u^#7 
>it) fcl»U #Kf-f **A'm**faigW#7>r*fclJr**o 
[»*««] 
[0 0 0 2 ] 

7x-XK • 7 W • 7^ftli> «8*i3J:tfjB£«t##»r&;frfc*5V>T, M^f-rfr 
mx~itM%\X*$>2> 0 Z fit, lis &*)%\htlXH\<*%^J)\ i?M5E«St\ ^ft (aiM) n 

[ISW^B^] 

[ftW**»ftLJ:a irt^lfM] 
[0 0 0 3 ] 

WO 9 6 / 3 1 0 8 6 14, -jcflHWt (unary coded) |t*fflv»T|il*SEIiS«)7U'f 
[0 0 0 4 ] 

[0 0 0 5 ] 
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#ffl#£JH&ei*LT, #f-**A'*£rM*a£3*fc«*8**r ? Mot 
[0 0 0 6] 

m#g£»o7 w fc, 

flrffi**l^it^tt;&gfcgOlWrfB7 Wft^ 1 

tir la 7 u >f * t> m s-^oMstKf-** * o ^ «o *iefeHRse« n js ct , # f- + * ;p % 
Ki«Lfc*2 as£*# »t , *a5§ $ j: o uflisfe s 2 ii^^s 

[0 0 0 7] 
[0 0 0 8] 

*ISKO*2 0Stt»i, th;&SUWB*>7W ^4--T f ^^-tfva7^^CEffl1-SI^^^ 
£ t * M a W •> la tr o ft S <7? 8ft * £ ft 19 fcb * £ ft f - * * /u ( i M * c7? ai£ * x. & # g 

[0 0 0 9] 

tfafcfc/ittaEs***^? 7"i, 

[0 0 10] 

ai£«$<7>7 w t, 

«j£ 3 tifc^Hfc J: crated a t > 

[0011] 
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[0012] 
[0 0 13] 

iOfcfcfc, *5&lflOi3 0j|fi|-Ctt, tBybM§j0 7 W £ffl\^T, tKIRO^^VK • 

^2^->> K • ^*^#^kfimLfc£20O&§!Mt^K, #|£&IS2 *7 4 y YVffl 
[0014] 

l£, *%W<Dm3<?>MmK£tH£, &&<VV*yh''*v*A<frhJfoi> : g%*ft*)ft-r 
[0 0 15] 

Lfc#oT> ^(7)l^Tti, g&S^-f > K^HHiJc^^^S-y-^ V K • f-^JWiJ&ffll- 

TUfj 1 4it 
[0016] 

[0017] 

[0018] 

[0019] 
[0 0 2 0 ] 
[0 0 2 1 ] 
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5 <d3M^ X fat, EUtKfcs^ WMg LTEit s ft*** 7 w 
[0 0 2 2] 

Jgfilttli, 7Wrto$ffc«&f|K < £oTlj£$*t&o 

[0 0 2 3 ] 
[0 0 2 4 ] 

mi^m $lw<d& * \z. , ^mmt 2 ^ (±*m® «• gg»t & 7s f y y * , 

«f^i^tt»^O^MfifiH*sv»Tmia^«ESr^«$*S (focussed) Xf^t, 

*J:tfllirffi*ft^*i<3 7*--:fr*teil (focus position) fcjfcCTjR#?Lrt:**i,* t iW5« 
Ii*7'i»t3l®?^TiiM^Sg^#'C, fr!Sf- J r^;K7)^»^^^^^^;KcP^LTMIB7 
* - * 7 |6) »t X ji&7& «t ? C t 7, r 7 7* £ , 

muihti^zmu*fi?fi<D&&&Kmmi-zxTv7kfrh$.z>o 

[0 0 2 5 ] 

MK, *3m<r>%§<r>3M\-£fat, *fi?fi<r>+\ *)\'*%.-f®M<D\ljm j %i)K £W 
l»fB^M4KiB^e>«l*lTffiil1-* (distal) W>M%k&<D7 t , 

«»k^lt. mttfi?fi<o&t)£®&<r)mi7U'{ izm&fcw. 

a x tm ib * ft w <d 7 * - a 7 ifcg (i is c r l £ * ^ -eat <*> ss§fi /i »t S3£ $ ■£ t 
iiii^Tv mrta* * * *ss ift*;n:Mt xmi -> * - * 7 &w kwj »t 

[0 0 2 6] 
[0 0 2 7 ] 
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[ 0 0 2 8 ] 

mt, 

[0 0 2 9 ] 

^^Kfc&ffll-S^fflK&U/^ ff^ • *^5(0l!R*«:lRl»t4*lRl*ii!j«I^IHt!S1- 
* z f y ~f t , 

[0 0 3 0 ] 

tBM&3f<7)7 Wfc, 

Y*mfo-rz><DkmcjjfaKmmvr* • ywmmzfaifz. (point) .t^n-rs^ 

[0 0 3 1 ] 

LH'ot, *IS(!i^»7 0|*-Cli, a-WISIIil^llC K*jgiaJ1-4 
[0 0 3 2 ] 

^ (sonic electroacoustic transducers : SET) #A#€^#K3?£4r 

l, mm0)m\mmi&i®z>. Btb<it^\zr^ yf^<o»m^my^-^ k • 

7 W • 7 ^ft (f^ v 7 *^ • 7*-XK-7W • 7>"f:K i£liD P A A) 
[0 0 3 3 ] 

SETIi, ^CyV^CSf^ilJJ: <9 fc> TOSfclifflffi (gffl) (a plane or c 
urved surface (a Surface)) ft KEyiJ l^Lft*^, ttlfcfelU 2 
o M±(7) p^-r St^Tl/^-ifi: fiS-T & 2 -o]}Ui<Dm& L tz TO ffi * ti it ffl IB 
<7)-;^7c7. ^ s> * <0^1 1 LT & J: v> 0 

&&^[g (Surface) flKfc^T, 7 W £«T& S E T WU »v»HI«'rESn.TV>* 
iiifiK, 7>r ^ • 7/"?~? L *£#£££fc85fc LTV^it«Wt*l.o 
iJiii, *^gf®RB<7)SET-Cti*a^^-e*&^ ®rW=AE> jE^ifctt^ 

& 0 SET<Olim#¥®£Sx.£v^£\ 7 1^ * y if i fc|j«»07 W Oil, 
i|J^ =*5ctKK:«£i:fcJ: !K 7^-^t3t*K»1-4fi1H*ff? ii^Ho - 
<7>J&£\ S < * 1 owJIjjjp^iB (Surface) ^<Hlo^!lw:<?) 

(Surface) wftiK^i-L, fltrJE^i 7 W Kfett* S E T»i 

[0 0 3 4 ] 

BP^ *- 7*<f * • 7*><>r * *K S<b< ttftl»»f|f2 0Hz (4 fell, «L*l 



(15) 
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frh, S5^«-C2 0KHzW± (nTlim^) f-e^qriim^^^^-^M^i: 
U&£"ffcU I^-SET (CSET) Wnit^l, ®>frWSET-Ctt^Brtg-C 

*oTt, sETo^-x^-ttfcfc^TiroiifttSrH? it^fiio Eta 

[0 0 3 5 ] 

**§£\ iOfi*»4C SET^flcfc UTOS'ts BP*>> C S ET£«JS1-*i@*<& S E T 
[0 0 3 6 ] 

^® (Surface) ftTJi, S ETi/cliC S ET 2o*JjitSETt^tii:K 
1"*) Vfflffi, BP*>> 7W^#»W7^ NiSitffgii, HhV i Km*<D&&&* J t 

[0 0 3 7 ] 

M-Cli^v^i, §SETIi, *tl*ttKfttt niH s t^^fIfi: 
[0 0 3 8 ] 

tfT, h-y ^WiftStSI (pistonic acoustic radiator) i LTft] £>*i"CV>&^ 
^^777^£t*X h>K£o-C#|&2-£&) t1-4fc«t<, i^)J:H»^ 
OS ETOt'X rV-JMtS^***!**!! (01*.^ rliSETOi^^exh^ 

OKHztt^flilJl 7mmtUW, RJ^e 7. b ^Saft&TNi, 1 
7mrn*fiU, ||RflMtt*tt«1-* ■fr'fXlitat J: ») fc'h*v>ti#ff * 

[0 0 3 9 ] 

7 W O 3 ? W K *s »t * S E T <G ffifB * li# 7 W * 7 V- -f <*>©fclt A * 

$tzltZ)t£*)isjK% <W9ttZ>Z.ki)m'%Kft$L^o LtztfoX, 3 0 0 Hz» 
ttv»JS*»*3MtB|l"&l*Gi-c£*t torn* 7W .*MXtt, jftftifciilfc 

|^s^^$tL&^®HMLTiI^O^lRjT% ^<tk. /3 0 0 ^1. 1 r* ( 
c. li^^T?**) £:T&t<fcv>o 
[0 0 4 0 ] 

#S&9§tiU ->^JV#.[P]^-^/arE^#7i-XK • 7W • 7'/ft • ->*r* 

i *i h * r <i v ? )\<n.t)m%&-?mW}-t & z t *<* *> » s l i^o m w * -r <*> «t 9 * f * 

fifrh$.#>2>tojj?U7? > % hWZFH V9fr (PCM) gfJfcliTtD^W 
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1**n*fcJ:v\ *"/->a>offi* (&%<om&, z<DTi~v rfe-witn&m&to 

, iiiCJ:oTlWtPS*i& 0 PWM*rfflv»fc7*-f i;^;H#«S-ctt, \j3^yf)vMm<n 

fa5H«lfi7&**4o rV v*JVE#ifii>Sf£<7)02 LnJBSfctt, /W**-7 • ^JU^USE 
[0 0 4 1] 

Js^TJIfcii*, #SE*»«Kif-ir*A'45K:, f^^^VTtn^M (DAC) 

-•/t* • 7^ )V9W&ik74 -J 9 )V%^Mm^sh S ETfcOWUi&iJOl" *j65>S3&«*v»»# 

Wv&LZb. SET\t74 i?fin>fe*lrK£<oXfemSLWi'ti>Zb&"?%Z><, 
[0 0 4 2 ] 

DPAAIi, lo^f-fy^vAMf (A*) ££1-* 0 1 oi 19 fc^v^SB* 
[0 0 4 3] 

[0 0 4 4 ] 

n^/f^>?)« (ADC) ££tr£fc**-C#, £ *t £*i#J7 ^ d 

v>T(i> *fc33*u>fi-§-li, n#ra^>7>3 *Lfcflt^Hk7*-f y*/Mt-£"C 

[0 0 4 5 ] 

#3PJ<7)DPAAiA, #BBf&£&#&A,-C:l3i3 % £*ij&9JtJ#^fc&jELfctefc* ^SE 

tfcliv? h 7-2.7 (piece of software) "C^lJ, 1 o<7)A#i3 X tf£%L<D& 
t}^-fi> 0 DPAA^i^loli, *oX#K#*&3ft*o £fttt,'SRT4Sfc 
loo(H**tn>:i:^JL<> $>*v>li, 1 oofflifrfc^ftoS ETSfcliCS E 
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trCt^T^&o itL^<7)^iEfi, ^-C7)ii5i^g: ( S DM) , IS (ACM) 

, jsxmmffirj s J9* • (adf) laotffU^^ iti^ii^n^n 

MW^^KS^tlT^^o ft, ADFfi, 7 4 )V 9 &W<D&ty%mt\Z- 1 , M-t 

DF&Xr/$DMKX^X^tb)l& : f&$.<DmMZ$tfi><Dk ItfSUtSuUn. 
[0 0 4 6 1 

#-t3i3£^i£ ( S DM) 14, Urgf-f V-^ > YX$>Z>o ZUhli, 

#-c7)jg«^OT^wi*(7)#ffixp^ > hx~tt%^j)K m<v&fmmmx$>z><r)x^ d 

[0 0 4 7 ] 

. fcHSft4fctt-€-*ttt±ta:* «M it j&*£F* tv». iiT% T c =D ra , 

, /c, c. l±£*+fc*»t*#3i-CJ&*o ftkfcff L<l;i\ 3r4?)fr>'^P 

[0 0 4 81 

«(S*!hWgi (A CM) 14, — fif -^#£jE (gross beam shape modification) <r> 

bukj-c, *j**wtutmttt Lxmm-rz i^w, ^t±^ 

%m?fi (alternator) *flM.*U* % it^-fl-tO;*: § $ £ t & 

£X$)%> t^i&$£KttLX, *ja y h'^M&Zm^&ZtKXvX, mxthXo Km 
ffrl-ZZtMiL^o £*U4, ffVX&&itziifr2±\f&&&&<DXl%m.&<D®i]($L 
DT> #ttl*'S-^<7)^:§^*iE^k1-&it KX^Xfto fci^J;^, i^J:^ 

7 w<7>j§Htt&n&& s eti4, itt^*«7^"foxyy»i#i-4a»aFtci6 

[0 0 4 9 1 

«£fcjE1-*>S!l fflv>£>*i4irV S>*/U • 7 4 )V9 (ADF) J4, **>M 

»J:«£$c7)]&^\ Ji?»«i:LT, (W^ltPiiMS^IiV'^^^ik/iit 

**31U jft»*IMI«rfill*M-*J:^fctT<)J:v* 0 DPAA&ltfv^- 

DP A Attlt/<*~>WWfl*>rart*tfcj&Wfl&fc4* (£*U4, DPAAfeltE 
#<*>?fcg <o * >f X , Lt^otf J&fflteri 1 , J5U <!9^aT 14 Sft vxjgfcft<&IW 
, tfffl-C**) o fflfcLT, |£Hj& < 0!x.tf2mODPAA-CUU r*7 
(J&lRltt*>fcie>) (4, 15 0HzWat^>), AMO^-Cli* :«J:9 4ftlKS:« 

83i^«<sM*#»t*a[ffl*^ 'ftfe , )^^ m&&13\"<)\> ft, -m%mx$> 
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[0 0 5 0] 

S DMUMu ACM^lJ#*s«t^ADF^^f±, ISltUD, *4 v»tti— VA*Kj£«F 
>UjMfcffl + fc#3?*gfkttv»1* tit, 0/h$*H!l*«-ctTV^ >pa[*Btt* f |SB^*i4v» 

[0 0 5 1 ] 

loJ^&#v>A£jWfo&3*t£S§£\ EP*>> 1*6 I tut Ifi*)****** 

<7)S ET©^^ fccoM-C, 1 = 1-1, n=l~NT?*4) *^fi*^fe*t5t^lt* £ 

imvmnitz, bp^, 7-r Hftuftf-f s^/h*****!?, setups ft 

if&K&fr&to-t&o £fct&K. N®W%m<DS DM, ACM^Jitf/tfcliADFj&^g- 

is^^o BP*>, #SET^|fli, HlflfcfclELrtHM-© 
^Sfftiiv^ iiJi, H44^d?^ • 1/- h£<fcOV2£^ffi^2oM±c7>f-V 
#§-*ffl»J3-£*fci&KWU r'-f * • "9" ^ 7* 'J ^ ^ • (D S RC) 

[0 0 5 2] 

(b) dp AAn+m&tm^L (7>r^\ ^ji^n^u **v>ii^ofliio^e»^ 

7^^S#KJ:ot) > DPAA«±Sttie*"C-C#»IHHlP3&«ff^&aBiW«I^F« ( 

2 ) - * * «t * ?t i± e - a mt<omm 

4) rtlv^ ^ 07 t ^*ttS«^fflV^:»N-7^ - (mi££#B8) 0 

[0 0 5 3] 

2ok±^£©J:$fcDPAA*fflE®ttU -ft<b<7)jfclt^~ £ ft is 

[0 0 5 4 ] 
[0 0 5 5 ] 

#ro^U, /n- K7X7 • 3^#-*>h$fcfi£^&g*Ty:/*£-ro JgSWt 
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^n-k?^ (DSP) 4fcttiHffiv>f ^nyn-by-9-*fflu»f, if^I^fy^^ 
o ^V^T, »7 , n*7tif:Bv^ 07*0 -fey *f*&MtZ> S!MS <DV 7 b7i7 • 

f - > £ * k * o T3b$ ft *> * 1 1 * -e s a • 

[0 0 5 6 ] 

IMii, &WHfcofcifrfc€*3*tTv>So Mfc, >PWr> SET 

^Wt, Hiii5W^K:*«)»3R**fflltt J fl:4*^^*4. 
[0 0 5 7] 

[0 0 5 8 ] 

Bl*>7n7*BUi, ^^DPAA^to A##-^ (10 1) (i^SSt? (10 2) \z 

#*&$*u %<d%$l (H"Ctt6o) <7>m*^\ ^7"'>3 x^iitm (103) £^ 

LTtfJ^SET (10 4) t^t4, HtfjSETIi, »aifi«jfc-;&7c7 W (10 5) 
£B$t&«fc } lcB23ni*itT^fto &SETfc2i&i'U>£-t£&jEU #rS<7) 

[0 0 5 9 ] 

0 2*1, ZowA^ft ( 5 0 1 , 5 0 2 ) *5<fc VZi<Dft&S& (5 0 3 - 5 0 5) 

tSDPAA»o 0 3tt^5 0 1 £#kSU -#5 0 4 *3*^5 0 SWJJ 

* s A^5 0 2 Mtl»c #SETK^T£##&§£^<7)tl}*fi, iD» (5 0 6 

) JcioTj!jP#$*L, 0 3^LTSET 1 0 4 ClfS, 
[0 0 6 0 ] 

03 {i, #Kt??> ^ y *7F-$- 0 £tUl> (1 

01) «-SETifcttSET»lclo-r"o(0^|fcWlb* (8 0 2) t$:ttS 0 A# 
3&^iti*0#^ £ -??>i&S&Kti> SDM (8 0 3) feltf/ifcliADF (8 0 4 ) i5l 
tf/SfcttACM ( 8 0 5 ) *«-&4tL* 0 ##-§-j|iKUiJV>Tfffcii*^iE^fift-C**L 
li\ «*5HM"t*1»K#»*>SDM, ADFUitf/ifcliACM ( 8 0 6 - 8 0 8) 

[0 0 6 1 ] 

SI^^OA^f^f f^€t (10 0 1) li, D AC ( 1 0 0 2 ) , feiW^aV^) 
*lJ#/^tt$)J#PA;tJ ( 1 0 0 4 ) fcfllx.fcllJBm:ilitf(S& ( 1 0 0 3) *ISt4. IB A 
tt, SETifcttSETff ( 1 0 0 5) fc&&*iao 2 -o<D S E T 7 -f — K (SET feeds 
) fcov>Tf*3FLfc»£<&ff£fcfl*J*"HdU A* ( 1 0 0 6 ) (UyyaXD^Klti 
ftflSPA^ (global volune control input) ( 1 0 0 8) *H»*.fcf 4 v^MgflSlf- ( 1 

007) Kn&%htiio &&toWMmxi}\t. burnt lx*>$i 

m+ijLkw-ezmttbZo *&w%$Lz>?>i )\<mz%5-v&i)K\t, set do 

0 5) £jt1-&lftK, 7tn^o-.;U-7^^ ( 1 0 0 9) t V> ? 3I3R)£ 

[0 0 6 2 ] 

0 5 11, 3 OOD P A A (14 0 1) Offl2»jR**1" Q A# ( 1 4 0 2) , 
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A*Islie& ( 1 4 0 3 ) SXtftoffl'sZTl* ( 1 4 0 4) \t, 3o©PDAA^TKJ:oT 
**$*l*o A*0Ki5J:^flllJ^->^"rA»i, »J'fitcJRS1-*it "b, DP A lot 

A*l^-H, *l/-7*DP A AF»JO%:g|5|g&<7)*&^ 
[0 0 6 3 ] 

06*5^^07 A*v^bS 7 DO^Sfi, H 1 K^-HttWfrHSfc*-*-*,, (16 14. 0 

5 Lv^ffiH (10 2) ^Ii:|»:^to 
[0 0 6 4 ] 

06Hb^4J:9»:, A^H^ (10 1) 14, A£l« (15 14) CioT, 'J 7° 'J 
^--^ ( 1 5 0 4) KigJBStl&o U-ZU^-^ ( 1 5 0 4 ) (4, A*#^-^BfT5Elll^^ 
e-U rac^SrWBMSSkOffi**? (15 18) CtttiM*lt4, ^ci:, 
A*#-t^«tt«»i,-ttft**jE1-4#S ( 1 5 0 6 ) fc#*&3*i* 0 HU»|:, 

fcjEi-*?g; ( 1 5 0 6) li, €^-isM¥S (1508) , mmmw^&L ( 1 5 1 0) , 

&£mm%iT<f V9)\> • 7 4fr9^WL (1 5 2) &&tr 0 L*L mipMftJfP^IS: 
(15 10) tt#|#fc*^5/a ^-C^^Cl * £&f£LTJ3 < 0 (1 5 

0 8) i6XUa!mWr-i V9fr • 7-f (1512) <0~1ft fclitofc , VWf&^X 
fcJ:v\, »K*fciE"f*#gt ( 1 5 0 6) o:&<b&*iftfc$t&f4, *s 
SISr^T^4ft/i»tiia£?*Tttil&1-4itT?*-6o (1 0 4) #A#€^ 

doi) *&*KMM$*xm-t)-rz>mK.&hti*> : g)&*&:&+z><?)i±, mmvmR-c 

%*><> MMZfrUt L < ttZtii-mK^iEZfitzmn&te. ( l 5 l 6) ZfrL 

T#ffi$ (10 2) ^t>ib*?il&o 
[0 0 6 5 ] 

RK^fcj;?^ &mm^& (1 508) ^ic/i fc<i&ursi»7*'f • 7 

4** (15 12) K£vXftt>tLZ*ti-?tl<DM&<OM9at, #tH4W«^Cl 
[0 0 6 6 ] 

mi Aci 1 ^w^i^^i-o 

ffi^ta^&fl (104) a>p>j£*rw (105) S:¥ffiia-e^i-o H*Lfcaio± 

4fcliTfc> m<r)ftM&&<DmZmWLLX t> £\,\ 
[0 0 6 7 ] 

ft* (O^mm^ (5 0 8) Iw J:oT#$$^i4x.£>ft£jI3£(4, IB] CfflU fllx.tf> 0 

Se?*i*« itLtioT, A#M-f (101) Sr^1-9--> > F^i^Cffii re- A 
J T^&J&Sft&o -*W4, 7W (10 5) l:#it|F^ltJ 0 kr-A^>*lft (& 

J 7!/-f (10 5) 14, fchHW^ KJS«&fcj3V»T l&ft2fcf4tfc$E;ft<7)tl 

5Ilft$£B (extent) t (R£** e £<7)«t4, ^^iilf, ACMffcttAD 

[0 0 6 8 ] 

llft*-Ktt, -jftK, 7M (105) #0M?U:*§&ft#<7)7 7 K*tf-**8I*1- 

6 1 ot^x.T'b J: W 0 7W (10 5) <7)fl*c7)^$$. (104) 14, ^rTIBJffi-egjft 

[0 0 6 9 ] 
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W, 2 Ha M 

iC-Cli, #-5|»#f£ ( 1 5 0 8) £ tz\mm^T4 : J9)\s ■ 7 4 )V9 (1512) K 

104) mxmm^mm^m^i-^ x o «$«v>& 0 zn*m7 BKmt* m 
tv^tfzti^M&t}®.®^ do4) Km&ztihift^z.tihK5-z_htiz> : m\$ 

wi, ftv>jI&&IIW£^1- 0 — JiSlt^. ^t^^MWIW i:<^)W(7)^€(i> d n = t „ 
*cT?*lJ. d(i^ia<7)^?^^t, t &Zft?ft<V^K5-z.b)l2>M&&*ML. c 

[0 0 7 0] 

HI 7 BfrbfrfrZ i 0 fc, m^^^^^-x.^tl£S^f±^ H7 BCi3V>T£t-Wi:|6l 
^^IMW^^1-*o L£#oT, (10 4 a) CitBJtl^fficiiMW 

KMIi&<. ZoyfztbT V4frhm$~th-9L®<o^bti:Z>o SStftH (10 4 b) £3* 

o «(104c, 104d, 1 0 4 e4» H^5>*L4»ittiH*fi9tit^:1"*0-C 
[0 0 7 1 ] 

/*»t tr- a 41- i tam^rt^o **^h$4«i (t, <<t c . n) -efi, 

tf-A<^^|p]»i % 7l"f (10 5) K#L-Ct5l?E3cU (W: (max 

t n ) ~-t c % mm^nLxm^mm^mt^i, xo \zm< it^n* 

[0 0 7 2 ] 

fe*&fct*> (focussing) i k ft < £ ktfX-% &<> 

[0 0 7 3 l 

+£*f*afc**SET«;L&*ta*WHKttL"0 Jli/M-acifcfcJoT, mti^t-y 
\z £tf£^-f K • a-7* (fI(D7V^ • ^-TXlcJ:*) ©i/^t;i/Srfi;T$*Si fc*«*C 

ftjSnt^tli.tRCTW • PES fl-ffioSETKJs 

[0 0 7 4] 

#-tS3i#l5i ( 1 5 0 8 ) *3j:0 f /ifcfiSJ57 r 'f • 7 4 (15 12) fcJ:o 

XH-thfr%^W&*miR.-th%k, ^ISET (10 4) jfcfc D P A Afl#<D£mfcfc 

PJCfltfcfcfcJ: 3 fill*, . dl*^t|c7)^>Sr75^(7)^»'M^Mi;i5^T|e]ffl 

Kfc LT^ta «fc 7 Kt&k, DP AA\zZ<n&?\z.&\,*xyr<7> K*-fr*S* 

[0 0 7 5 ] 

B7C*&k*4J:o ^ (104a^L104h) 
IF*%4U Cl*Ltt7*-*^. ft. (focus point) fcfcv*TJBBl$ (converge) ti^T 

[0 0 7 6 ] 
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(focal point) M-^M- f = 



L 
fy 
l/.j 



[ft2] 



n#a©««»©(iB P„ = 



1 



Pnx 
Ptry 



Ift3] 



n#s©igiftSK:»-r-5^»i^ra f„ = ~V( f -p„) r (f-p n ) 



[ft 4] 

[0 0 7 7 ] 
[0 0 7 8 ] 

^SSi^S: ( 1 5 0 8) i^ttSUEr'-f • 7 )V9 (1512) KX-oX&htl 

& o 

[0 0 7 9 ] 

[0 0 8 0 ]. 



Ift5] 
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d n = t n ~ j 

££T% t . fi, *3&tt$SKfc^T5e&LTi3!!K j h"C&* 0 
[0 0 8 1 ] 

UtfoT, £iT?^0fflLfc-lRfl9*^rfeT?li, 'J:/ 1 ^-* ( 1 5 0 4) fcffl^-CNfl 
[0 0 8 2 ] 

Ifiuii, (102) aflottafeivaK^s^iBit, £^*««u # 
cuuw 

[0 0 8 3] 

*9 L^^MW^/A<^ftoTf^ < ll^#^tt^ t«i:is^t> DPAAlftH* 

^>J:ri:Mn;H s tl, |^ 2#-^-tiD PA Affl^<D&&ifc%jL<D$L\!kK3$^T'afe'T 
[0 0 8 4 ] 

*3&w<p% i <r)tim 

#*#Jii:A J ^4o H8li, iiiSrRB&ttU^iBia^LTU!?, 7W (3 8 0 1 
) fcffl^T, -9-^>K (Bl) 1 lf-A**JJfl9tSa«|K*ll* (X) fclflJltTIR 
#KStBLTV'*o £*Ui* H7 Aifcl4B7Bi:*UJ:3i:, *3K?**ifc*>, 3 
-££v>£t >bTO^*4o #2 e-A (B2) li, tt^fcfc&fcfc LT&ffl 3 frTv>*«> 
T% tf-Afi«rg (X) £2 El U £&H£ ( 3 8 0 2) tJKItUT, £ J§£ *> 

ftfcWfctfcSia-*-** *3 tr-A (B3) »i> M^#*AJ£-cStb$it-cv^ot», 

Afi4. 8^- J:tf£f-ir*JKi7. 8 ^ - h MsflSU > K • 

* «b f- * * )V K&Mvmm £4x. ft if., v * *a«£Rfl9 1 EIB*fc a - iffcgllT 
4 J: 5 fcflrt&'CfcSo 
[0 0 8.5 ] 

Z)l*mT-th&W*m$ t^1" 0 3 oof-t^^ (3 9 0 1 , 3 9 0 2, 390 3) * 
-S-itWOjKfi^g ( 3 9 0 4 ) lift ( 3 9 0 4 ) lis iI3£«g|$ (3 

9 0 9 ) #&5Et&S/itt> £f-**;Kfc#M£jI5!63-£* 0 afcLrt:?-**** 
frEff ( 3 9 0 5) , JjD#H (3 9 0 6 ) , «§f (3 9 0 7) fcJ:tffcB£^&f£ (3 9 
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0 8) fcgltam #E& (3 9 0 5 ) littft«rffjftLT, iOttfetaMS*, B8fc 
75tJ:dUf-ir*/l'*^44*faiK3Sai1-*o a&ffflW ( 3 9 0 9) tt, 

3. 5ms/i»taS§$-g\ VJVy h* • s f-v*)Vbmmzm&fiX 1 )K.L* 
+ * *4r 2 2 . 4ms /itfa® 3 -fr^^K /P*s J: 

J: Kt&o ?*r*)wi5itii*m.w.'rz>m&, mnmmu (3909) itzti* 
#jtu znKmcTM&zmn-fz :t* s tH, H9tn*, asfe^s (3904) »i 

(3909) m-%z&fr®^xjjL, aa^EH*«tb*i-*^Toa«#-tni©a 

5S*4^.S J: ^UUT'b^Sb-Ciio IK, SOcD^fflift&'ft^-CtiU 4-<7)3i^JfP^ ( 
3 9 0 9) fcfflv^ #*ir*Ji'Bfi£fc#&;lt*a5i*»KU SlfOji^xV^vf ( 
3 9 0 4) *j&5Ffc*-Tfc, ^frE^Ka®?'- a 0 
[0 0 8 6 ] 

I»54^>*1 <7>lttT-(i, a— yjcgia^"**^^ KfcfctffcaSItt, ^*»)*§<1-*i 

tf-f-f tfisirtftf ■ftf'li^-ii, DVD7'l-ft (4 0 0 1 ) <r> X 9 *ft€fll^fe'ft<&5 

'J^ (4 0 0 4) £ffil/>T, *-T4*M-%frh&*-T4* • f-^^fcflT, #?• 
t^^!9 t^i-|^at^iD-*-4o *-7*-f ^M^$U^I^ (3 9 0 9 ) £tfr*jI2£# 
S (4 0 0 5) fc&SU Zr*^*&*50%:MitztfMm2-&, V 7 > K*5 J: imftri^ 

¥S (4 0 0 6) C^tio 4x.&tfr f *®itt, -ftfc, -9->>> K • 

<^t*r^S]Ui, *-7V*ag#g (3 9 0 4 ) J: oT®3£3 ft-C^fcv* kT- AB 2 
^WWi:f KUictSo ^■r^'i-tlis £8^07 W a frrtftfa5£3 

fcv^ikTf*So t7 , )>K-f t^^?it> Ztit> if % ^ -fft^o&as (faj 

/h?<s »^tliil^EOAV">XrA^t,^*t^«n.TV^ 0 flfftg 1 ljsitfi 6 fix 
r^f ftKmrfEf^J^&^-CJ (at substantially the time) b^l]f:J:ot, £ft 
^iO'SafeflotTf'* • 7 l/ - A i: J: SIUtfflv^H^v'^fA iciif^, i i £*|g 

[0 0 8 7] 

&J=ULT, kT7'*afc#«*£#E# (3 9 0 5) (B 

1 ou a > i9 Lre-A^jgi^ti^a4^it^n&*f>i5>*as!6K: 

->^fA(?)j.-f . ^ y 7^-7><^gffi±g^ (on-screen display) £gg»t4£fc 
nyn-t^tioT/n^A?)-^ LTftiTU *Rftfc££4afc«*tl-*-r* 
[0 0 8 8] 

&na^3^na 
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[0 0 8 9] 

£ft£«1-&Slt£Hl 2 tc^-To £?>g^ti, itflnoS&^iS ( 3 9 0 4 ) ZBiL 

L^L4#*>, #||iB<7>c:o^&fc&*£fc«£fc7&*-e§s« Hi Static ^ 

(4101) *fl-BSfolfcgtfcE*bTV*. 

, Wm2<Dt:tbK%mi~7fiZilX^Z>o 7 4 y K*#£ (4 l 0 l ) li % looft** 
Kft-ti, 1 9 <f y K^K^^iiffl-t^o LA^oT, v^f ^ir^A/fe 

[0 0 9 0l 

01*0 1 1 a^v^liu 1 1 Dfcjj*i- 0 m 1 1 Aii, &mm%7 4 y K^wafefc^i'o ri^ 

>f (4 10 2) <7>n«i5< K • n--/£j*4?3-£, 

ft^l^-M^U 7W«ti^i:U'»-^HilL (Hi IBM) . * 
7\&&W& (FSD : full scale deflection) t:l£|y^2,, £ fcfc 

[0 0 9 I ] 

«>M»«rfflv»n»f^ ft*m:&tH# ifc, 01 1 Dfc*1" J: ? fc^* 

-f > K^M^oWti^l-Cfi^ < > Hi 1 BCit^^Mtlt 

*m y Y*>\m&K o 4-eftTtT*sBn*»t*^Jtii6l4*iaai-4fcie>^ f 

[0 0 9 2 ] 
[0 0 9.3 ] 

hi 3ii. a^fl9t**&ja«ftflf**jjtaiT*-*«i4iiis*^i-o 

A£#tl 0 1 ttx #-t^7''J 7 ^/D>^M^ (2 9 0 3) H8«S*lTii»K Lfcj&« 
ot, M8lf-**;H*ltf>n- • • 7 4 )V9 (2 9 0 1 ) tsXtf'^J • • 7 4 to 9 
(2 9 0 2 ) K3&R3*lTt/>a 0 a- • 7-f JU* ( 2 9 0 1 ) »^ (2 9 0 
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4 ) t> > ^-SSff (2 9 0 4) t*£T(7)j!jtl« ( 2 9 0 5 ) fc&iBU 

( 2 9 0 5) iiPDAA (10 5) ^N-HoSE** (10 4) *rCV»*<, 
[0 0 9 4 ] 

>M -^7. • 7-f JU* (2 9 0 2) fi, HI K&\1rZ>r'*4 Z (10 2) £|0]-<7> (-?■ L 
(10 2) KgiKU -#7^Mx (10 2) (iiP« ( 2 9 0 5) 
[0 0 9 5 ] 

*lM&J9?ft&05»»ffl« ( far field cancellation) <T>fm*%W$*> fc#>nfflv>& Z. t 

niH { tis, teja&gcli. &#?f/^tB^£u ^T^CNFMii® (^ffi±fi0) 
feJiO'iRtBSr*-!-**** (2 9 0 4) ioMSrilMU Nli^ttS? 

TO^^^WJS^M^ (global far-field nulling of the low frequencies) £&-f 
&£i:&<, 7>^-t*-5>^ (anti-beaming) .BP*,, JdJHtftSfcWW^WISfc 

[0 0 9 6 ] 

*&H<D*4oa*fcJ:4#fttt* aimBr<( V?)i> ■ 7 4 fr? (512) ^rfflv^T 
[0 0 9 7 ] 

tltfflv\ AM-f- (i o l) <7)M^^iS«^«rM€1-&o Hi sK^ti^t, 

(10 1) ^--f -X7>-"7 4fr9 (3 4 0 2) fcJ: o TflSEIifc&flfJ*^ •£ 
tTn--;^'7^^ (3 4 0 5) tJ:otttl$Mi:»i?Wo *&M®8M 
*1 (3 4 0 4) *U «»&3?i£l±> ^2»§|*^ (3 4 

0 5) n^fllStl*. *1 ( 3 4 0 4 ) #fifcS7 W«>4&S6<JttH«U AJS 

(3 4 0 5 ) J "9 <b*§W a«-Ctt, »H*^^A^^«SH 

[0 0 9 8 ] 

[Hi 5 lis -co^i*<7)MK#jtf)*»S£^-ro ciiTtt, Hi^^^-gp^jftia-c 

^I^Htv^o i^l), it-f-fi, n-y*x • (3 5 0 1 ) isJUW • ^ 

x ■ 7 A )\>9 ( 3 5 0 2) tioTffii5J:0 f KJHifeaJ*^^IH?*LS 0 fgJS&mfrSc'fl 

(3503) ^ A*#-t©fiiaw55-*ai«ta56U/tii»*, ^1 ( 
js«»#b£«£Wu A*€^o*i«^fi"Sr»2ai*asttis*# (3506) Km&tz>o 

-fi-§-£jDl*1-*fcafc, #D«l& (3 5 0 4 ) WSiftJ, Lfc#oT, Z.<D%mftMX* 
[0 0 9 9 ] 
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£*U4, #K, HI 4K:^ti0*ffi5E*ffl^, te$«#/BKM#7 WWWWKEf 
[0 10 0] 

01 614, £»£^7W03EifiB*«*ftlc*U ^**M4'«2?£^ LT^& ( 
v > 14 , ffl ^ * KM <0 W K W«T h £ i: J4£ < M LT v> 4 v> t k £ £12 LT U 

v > # ;W4 , £ /a M # £ 1" a KM * 
[0101] 

[0 10 2] 

*SM!*>t M&<nm3<D$Mk%-£K&&m*$>&o 74>K7P 

&&fflV>S 59*eBf? (3403, 3503, 3507) 0»fctt**fH*fc 

#ffloaafes*fflv>s»-&- (Hi 4t±5»tsj:9 t) , ^jas&Kjftsiw+^rv' 

^T#T{4&^ 0 
[0 10 3] 

Hi 6 7^f£<b^£ J: t, £S«&tf4, J&JBttftJ: *) <bfflv>*SSjH8h&*4>*< % 

W&T&&<7>T, *JB**fc*SV»T*>f Kn-7*£M"f £fc#KJ4, 

(fllxtf, A/2WHWT) #£j& s ** 0 -ftl4, ^^^^^Igfiifflm^iaj^HP 
LTI4, -^TJifiJSaElkSrSiaJ-CSadtwI-^tjSvifllJA^aifilL, tt#-CMt»JS*[ 

t, HI 7 W£ifcl#T&o COTWfli, **»5M*a5Kttil1-*a*KJft 

&£tB£t*ii:#Ti*<7)T, 7H t7)*£B*£tf*£ t £ < , Lfc^oT Acr>j§ 

h;&J:tfttfl&**»ft:LTV>*. HI 7TI4, IE»J4, £«ftS«>#*E4r*1- 
f , H l 6 tfctfa <£ 9 i:, fm^^&finmttTfitn-ett*^* 
[0104] 

Hi 8(4, ft? L^OfiWi ») t«v>SEftS^^t, iOKMfi, HI 9t*tJ:^ 
^RWM«7l/'fl:fai:ffiv^:l:^il. 0 iitlt «H3 7 0 llifflR 

-f£ifc#T£, *0i**¥aft^** s FiBrtfc:£ 

ttflWU^Jgfattfc^* 7*** hJttt, Sf * L < 1*^4 < <b 2 : 2 

T&r>, Stiff L< 14 3 : 1T&*), St-Siff.L< 14 5 : 1 

t, £gnfirtt43v>Tjgv^ffll4;d f fl£>*i&o £07WHU *»W*>flM>»;tt*>n-fit 
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[0 10 5] 

[0 10 6] 
[0 10 7] 

±, DP AAd^fcftfclfrfcfcWffifcfciK fflv*fcti*7*-*V>^ (**u*) i:io 
t^?ii^W:flt^o 5plBgatS*ffl^**^ Rtt^7> Ktt^as^ftjcW 
tffafcgiaiSJiSo Jt»RWS«t4»^, f)VK^DPAA^t,Altn(7)i:^ 

oTM*SWH|pJ»tTBaiL, «««ftt:i«)J:^ fcKtt&t fcli#*6Sf fcKilbT, 

AA^V>"C, ^#7C^«I^?I^7> KM'/^fA (multiple separated-source so 
und radiator system) %mi&-f Z> £. t § & o 
[0 10 8] 

0 2 0 14, *JR£ (2 10 3) fc#&<^t«#/l&fc«!>CK f-WDPAA^i^ft 
©Klt4fctt**lB (2 10 2) <a«ffl**-fo i*Lli*»'C-«*fl9*a-Kat^<OT 
tt*v»<7>T, > K • -9-7 > KS&*li, WHWt*tWflrttf*4. 

[0109] 

@7Alfclili7B*#f.U^«LtJ:^:, t^vK-e-Ali, 

$>h 0 02 ^77K. e-A*J^S©flt#isJ:tffc#fc^ft3*fcfc 
*«l**^il'Fn«*WC*i - o DPAA (3301) g|$It ( 3 3 0 4 ) J*lHt£SL 
fcEWJB (3 3 0 2 *3*^3 3 0 3) HftltT^7> K*&ffl1- * * 9 KSjOTbS"?** 

°[0 110] 

• IT- A* JEWS ( 3 3 0 2 ) 05«T*©»^F 1 (EI 2 1 #J8D icfcV^T-^&S 
c7)^/A7i s ^^»t> MP l tv>4Wti:iif»t , » WKA4o Rlt^fc*^ j- 
P 1 Hv^fligitli, SPJ1 ( 3 3 0 4) <7)^»*bM1-& 5 b<Ot t-CIS^n 

t*o #&;fc*if-Aii##fcja;v>s> , TN $Ji o 3 0 4 ) ^t^cv^iW 

[0111] 

■9-7 >K • tf-A£R3t2! (3 3 0 3) <D^<Di&M,F 2 (0 2 1 #J80 Mfc^T^S 

tr- MP 2 UV»*Wfc&li£0-9-'5r>' K*H< -i^Ho Kttvtzib 
, c> .x^^ftt, Eat#*)fir#fc*4EltfcJ& (reflected focal point 

) F2* ^fSiBLfc^i LTBJOti, d<^«t 7 P 1 l^^ilRf li, t-)>K 
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[0 112] 

K««***fl-»tfc«ll*K:atH1-*J:otDPAA«r|||ft*««l^ €1 (hard) 

K % dtl^^^^^^lffllC^ita-ett^tLjSUISO^IMM (focal regions) (]o*4 
[0 113] _ 

lifi95-C**o U^ot, tyfl£<7>l£fifi> DPAAoa»Jfc#*&+#«ft"C^*BI 
^e-* (DPAA) ©**fflv» N %fO*IRw5|*U*sv>Tm^*L4S^W%^*^ffl 
[0 114] 

[0 115] 
[0 116] 

B# 6 |c j3 V> T *> if d K ft o Til Hi $ J±£-& $ tlT ^ h fr* m 5c -T & £ fc * K ®% K 

S^ilt^itCiotg^^lU^i:, iff* • *^?t»aLfcfli*:Ji^, * 
r^y^fflv^) , PDAA»P£Gli, 9 oBR**#k*J: 0 t1~2>t £ 
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[0 117] 

is* tf#Mo*7*fl'*fflv* v>"t\ f-^K SE^ffe) ifcttft 

g (x, y, z) d*&*fcf-# (HKS, ^k^-->a> (elevation) „ WM) ^<0&U 

[0 118] 

^Oijft*- K-CMU PDAA^m*@fcfcJ:oT;&j*?fc6lbtofc*|flaU kT-A* s 31 

[0 119] 
[0 l 2 0] 

B2 2i±, DPAA (3601) ±mfc1Br* 7** • (3 6 0 2) £ffl</>T, V 

(3 6 0 3 ) ^fflK|^ltS:^ ! tHo *4VMi, 9^5IJ«<75H18)±IC^ 

°[0 1 2 ] ] 

CCTVWffllt'li, Hft?)*^ 7*fflv»T 1 oo«li:jfef)£?*i^ Hi-<07W£ 
[0 l 2 2] 

[0 12 3] 

frfcli, +l->7^^Mn tT- Lfc*K ttf-fifc (skipping) fc#$.JJ4L<tt, t 
[0124] 
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'[0125] 

P A (public address) 43 J: V s a y^ - h • V F • yXfAtlt D P A A Ote&Jv 1 * 

?-y%syA7tKnfcKmtz^2>z t&-?%, $$L<Dmm¥-^v®htiz>z.tfrb. 

DP AA^Mto^fttttf^J: 1 imKm^mfcttZ ^MgT^i^ < s i$MLP 
lffi^^t:-^ (DPAA) <7)<H&> i: l9/h?^9^ K7s f-*<7)o a pio^.^ ^il^ 

3-£&^i:73*-e^ L^^'o T£l^ in - ^ M/>H^ i t ^ ^ J (DT\ mWM (in 
telligibility) £it; £ <h /9 S "C^ 

DP AAMP*?-y&, D P AAA#K3g^£*t£ 9-f 7* • W 7 n 7 * 7 KMMt & 
[0 12 6] 

(crowd-control) &£U ! ¥$ffi$to-VlU D P A A tf- &<V7 ± - it Z/> 7*£ <fc 
tftl ft «t o T ( ft S W * 3 it Z> 5 7 K 7 tf - * J: / 4 » i * - > * » A £ * & - 

DPAA^Jl'fcPSLT, l£<MIB*r^»fCEil1-Ait* s -C#iltf^ (foca 

1 region) fli, DPAA S ET#JrJ: D 1)t»*tt6^i:a*J:t4i t A ? t?S4 ( 

[0127] 
[0 12 8] 

[0 12 9] 

02 3*#It£t, f-f v7;v ^Dyx^; 7 1 0 tt, fc'i77 F 

IT-A12-K 1 2 - 2 t LTifctfiStU JNfMHftTN T Wlffi;&«>*£rart'eft& 
0'»Kd'cSaJ"f*ifc* <, e**o &£&<&WLfcJB£lrt8i&**iJffl1-S£fc CioT, M 

[0 13 0] 

02 3Klt. 2owt^> F • If- A 1 2 - lfcitf 1 2 - 2^$iL"C^-6 a $ 1 tf- 

Slt?4t^ 0 WIR^tt, Sit**? r 1 7frt» LfctfoT, fifrh&L 

tzi><nb LTB5EQT4o «Mrt-?5*Tfc2 kf-A l 2 - 2 fix *M l 3 KM-f& Srfc 

wyv*s mttzimzvlf&^Mfrhlfc&ztitzfriDX 1 ) ngfcrr&o 

[0131] 
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[0 13 2] 

Hi 2 4 £v> tH 2 6 £ lis 7* -f v 7 ;u • 7 > K • 7*n v x 7 7 <o =r ^ * > h # 5 7'n 
y^Ho»»T?*^itT^*o AAKfc^T, aw* • 3- mi (P_CM) 3&S<o*Ji 
74 ._.?y hco^jlg^ (audio source material) 3VA7 h • 7*4 7>7 (CD) 
, tM v7;v- iff* -7*4 7x7 (DVD) *©J:^f/M7^^ f'J'/^^'t') 
V K • yayi^^aoT, S/PD I F7t-?7 h <7)3fc^fK>£ ttlPmr-f 

-v? ht>«fflflr^-e*4 0 -?>A#r-7li. J^M^f-**^ • 7stV**]\ &&v> 
liD 0 1 b y Digital (3®i8ift) ifcliDTS (gfcflSft) O «t 9 *EI6*J * 
TO-t-fbtfc^JV'f- • -r^*)V • -9-7 > Ffr;^ v*tt#-7*4 #1f$lto£8tf>ai 
ifcx-f v7;v • f-^^^/©v>"f tt^Sr^tr i k***cS*o 

[0 13 3] 

i>m*&**it&*)> rt^vxtf^u^<omm. (aux) 

j^f-**^ (LFE) Oct^^, ^(7)^(0^ ^)l'4>#£1~&^§£- ! k&&o 
[0134] 

RC] Cftl&Sii (&&v>li, #f ir*^*¥-^f"^^^SRC«rJiji?**i fc**"? 

) oM'it^y^' ' ^ D '^ [SSC] (ii^J-Tfi> *&4 8. 8KHzifc 

119 7 6 KH z) £J:tftf 9 bfi (iltf!)-?»12 4 \£y Y) W^^rA • 7n 

d: o T, 7 n y 9 &Bt<DlSMl§t. 7 n y 7 o KU 7 h > is J: £>*7 n y 7 <fc * 

&}%%t)li>>t)&*r<f S J9)V • ^;UX*KKP [PWM] Mi:t-<lll^, PWM7n 
•y 7 t PWM^P§?^»$tL^>rV • r - 7 • 7 n v 7 t ^Mf Ii^4li>li4 

JRSii^Hv^ SRCKiot, :oWJW*W*i:*^ * ^^^^f- 7 • 7 

[0135] ' /tei 

ftti:, 2ottl^f<f v7)VA.t)^^^^^^^r*-7 '7n-?^W^ (S 

SRC^>ai*li> 48. 8KHzWI*ig;t^Ut/7*^'l'-H:i3^ 24tf-y 
[0136] 

1 -oJeJLJt (a^-CH, 2oifcf±3o) ^f-fy^^7*nt^ [DSP] 
^«v^f-^^It^c i^eti, Witlf, 1 3 3MHztPt^ Texas Instru 
mentstic7)™S320C6701 D S P t Irtltf X < , D S P .11, tr#*>*g*#£> =» ~ Vit*® 
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jMt^&Sli, 10&±<7)7-f -JH' • • h • 7W (FPGA) a 

& 0 *4v»«, x-f y*/ne«o-»4fctt£fiJ*, #£fflit^«isg& (asic) 

[0 13 7] 

DS P$fi> fr>7^ • *-T<f* • T- 9Xt)^<F>-7 J **JftJl*^?T IT, H?£ 
[0 13 8] 

LFE] 1 oJ0U;O4l&«>f-**;K 0Ox.ti\ 1 1 

M^x-7£#£SDT, i«9#<<p***;v*H*#1-4£i5&*T§*o 

[0 13 9] 

DSP&Ji, 8owf + *^TtMLT, 77?- • i'J 77i3 J:CF#H««I7^ 
7A'$Jj:0 r »W i S:frV*% 3 9 OKHz H*JV»T 8^*>WO 2 4 fcf7 h -7 - Ktb**^ 
[0 14 0] 

[0141] 

r U -Afi % Xilinx7 4 - ;W K • 7° o 7~ 9 v 7* ;v • ?- \ • 7 • n v y 7 £A 
*?tL£ 0 ten-;? 7fi, ^iSx^-f-f y 7 • *y 77 R AMf^^*«HlT, 8 

• #-7*4 * • 7*-* • ^7 7*;Wi-5-x.&<7}tcM£jiS££ 
tfttio 1 o-fooffi^ jgjftS (i^**»#T?<i 2 5 6«) 1:, S^**^**!^ 

[0 14 2] 

7**7~-f-tf--> 3 7 (apodisation) , $£1*7 W ■ • ■? 7 K7-f ^7" (a 

rray aperture windowing) (BP*,, $iiijt<M^t#i& (graded weighting factors) £ 
, »^7V>f<?)W?>«^^J: LT, g&Sffcfcte-tKSffl LT. f-A 

■T&o ii-C7!KN**-->a 7£;gfflT&£tKJ: ot, ^^^tB^-t^ > K • 

ft, BlHBfc^M > Ktf&JSSJifcf w ->*7;v •^>7 p ;v • 7 HJ-ajju 8f--r*)K*>& 
*K 1 ofo, ^LT 2 5 6 1 ofot, £ft 8X256 = 2048 

i^)il^-va gftSMSKF P G AK£V>T£ftU 2 5 6fl^»SxU 

^ 7 h(7)#^tc N 1@glJ<7) 3 9 0 KHz 2 4 If? Mf-t^MI" &o ^7*v 3 >tLT, 7 
#^4f-5/3 >4jfcli7 W • 7^-f--V • *?4 y K-7>f >7"fi, Wl^tfeCIt 



(34) 



JP 2004-531125 A 2004.10.7 



GK&frtZftto*) K) ta S J9 • K • ynyx^^^^W 

[0 14 3] 

JfcK, 2 4 f7 b£J:{/3 9 0 kHz<7) 2 5 6iBO##tt. WttKF P G A|*|K& 

ift^U/y^f X«^Htt*a«*ls r-^ • ^>7> • 7- K**3 9 0 kHz fcisn 
T 8 fcT y I s fcfflfc"* & (BP*> •> -20Hz^f>-30Kz^ t?04l^« 

l*n?ttlSSHi^*M'fXJfc [SNR] Ji»»LA:4 4T?**« 
[0 14 4] 

oli, S S C£DSPv**&&*n 

fllx.tfs 1 0 0MHz/ 2 56 = 390, 6 2 5 Hzti*), 

itUiJoT, yXfAMC^^t, *fry-f)V • t"-^ • i^- f5:)?tl^D7?i:o ? 

?1"£o 7*4 V^^PWM^-f 5 V? • * n y ^JSSt&'b, DS P7X^1^D-; 
J£OiEtt&;tS&<a#*fc-f* fc 4 o PWM*ny*E8E#*, rtfiRf-f 

V9)V • *-TA* • tf>7> • T-9 • K&iESlfcSEJfcffiK tf!)xJi\ 9 \£v bPW 
MtMLTtV^ • V- h<A5 1 2f& (2 9 = 5 1 2T&&fc#>) Kth 
0 r-fv*** • 7*-* • 7- Kjt*8i:fflftLoo, [pjP^H^y 7*;u • 1^- F^gw: 

[0 14 5] 

i ) *f y ~7 )\> • hZmftZZk^xn , 7-9 • 7- Fii5§<&$^t&£ifc#s - £*> s 

BP^ ~ 2 1 7>f *a#-C&&#, — 7J 1 9 5 K H z r ~ 9 • V— hTli, nflE 

ftfcJfc*LT, ffiffl^^7> K»BHE*Ht$HPM6 (sound-path-length compensation res 
olution) ( = ^Wig^7>^^ ^j$£2M*Lfcte) ^r^l-^^^HfiS-e^^o 2 1 v 

[0 14 6] 

i i) PCMf-^IM^^D-^I^tVy^^PWMJi^t^utli, 
7- Kft* f fi[V»jgf(f#-C*fe*o 4 8 KHz^f- * • l"- h*3«t^ 1 6 feT? hfi 

Til, 65536X48KHz-3. 15GHz <««#£fflfi9) O P WM * n ? ? jgjg 
A^jfi:*** 1 , 1 9 5 KH zOf-^ • U- h:fcJ:0*8 \£ y hftTtt, 2 5 6 X3 
9 0 KH z ~ 1 00 MHz (iEK&ffltt) ©PWM^ n y ?iIS/6 s '#^£:&&o 
[0 14 7] 

«t|il#if*U ttjWs -19 5 KHz <D~$- y X)U • iTIt $&*l*#WWH 
9 6 KHz ££&o SiHfcXn-fe* (e^fflit) li*^**^ W X£r^ v 

^»ja*Sk (BP£> £<0*6\ -2 0 KH z «fc h±) $-£&dfc#-C££o 

[0 14 8] 

■9-V7*/!/ • 7- K*i£®ffiLfcf-* • * r U-AJi > 3 1 Mb/s^)2 6*0®^ 
, 2 64g<7) K5>f/< • ^- K<7) 1 oHSJh^Tf>^ 0 . 

H2 SKTfstX VyJsm&X- Ktt, ift&* { Ctt-ra£Jfc£Ktta»fci£^£ 

, itLCJ:-3t> ^<n- -^-x • 7-f JU^ [LPFMIE^<, '»§jli^9X-B 
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[0 14 9] 

y ?-^<7>mmz r a *j * & » n w» 1- & t , gj*#^«>ai#ma v ^ ^ £ mm f & £ t a* 

-e§^o i^liI^JA^l5i> Wtl\z, i o : 1 \^k>tz-oxmm-fz>z.t\^&^x, 
^<7>m*(i, Jg^n/£v>*£H, l 0 : KOlfffll^LTl 00 : l, 
N: l^IfftlcMLTN 2 : i-ciwmi-&ii:* s "C§4o t^J:?^ f-f'^^' 
7- K**OH8*Tt. Jt«LHoi/'<A'««l I'M J ffiJW ^UW 5 tH 

^9X-Dm*^^yf-fcWM«IHtt#-K (PCB) ±i:*gL/t« 

-^*loiLT, m)fi&<Gffl££g«*iB^Jlflx.WSo &*-f • Ural'-*' 

[0 15 0] 

(SSfridU ^9^-Dt*S^»StomH:S?n - • • .7^^ [LPF] (# 
fc, Tto^IfLPF) *Bafll1-*i2'5?36 4 **« «ASEJftSO#a Lfc^S ( 

MW«t (i^I^^ <L*U4~5 0 f fcli 1 0 OMH z fcfcv>T*:*:«te ( 

a#rffi) <oi : iv-^-^MJt [MSR] ajft-fl-tfc&iftU &l8t-A^Mc 

$£>ft&W HRttfcfflv»&ii**^L P FO* ? h ■ *7JSifc»tf\ St ti^.*i^c7)€ 
#Bi*«*& >2 0KHz) JUj'bJftv^ PWMSIJ!lffl«ft (Wlx.tf> ~5 

0MHz) PWM^f t 'JT^i^WtJlil, l^/jHWi: 

jtp*.** ioi -?£L pfi4, i*a*«-eis^Hoo, 

«f (W*i*> KfeilLfctftitffc iitf, itifb^L P Ff4, < 

v^o LPF14. ri*3lf*K t»Jftfcifc«KJ»ffl3&*tf^*. i*-*^** (*fctt»?"ir* 

[EM I ] i^tett****^* < ft^oSrKrjhl-ifcftT?**. 

[0 15 1] 

rV v * ;u • -9" * > K • 7*o v x * * -CI4, 14, 'J-Ft:J:oT> fcStt 

RS* * P WMm# * -f ? ?• ^ tt-C*5 V) N £-c #|S] C x y ? n - v> JES 

SJiwacnN EMI«?R3S»4^<feif> ! flr^o 7*4 v * * • W > K • -fu s Js.9t 

*^lftS*iEffll1-4o ^?^-BD PWMai7^€-tf4, |^IIl-i^'^^tli*OW? 
«tJ|:R4tv>^ttttU l/:^ot=tt|T*^> ^ 7^ - A J: $ 

#-C(4^v^ 0 i<7)/ci6, 77^-BD PWMv^rA^f -f y^H^I^D^ 
^9^-BD**tti*tfeffi»i*o-c*l) % 77^-AD PWMfcJ:oT£)ft3*t 
a«t?^> : lMSRlftl±^v^ 0 oil), ^7^-BD PWMm^ 
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F^ovi^m PWMflMB£«>7W ^ffl^t»-#7V 

^*aS«»l1-*ii:U<l: «5 . m*LPF07WS)!&g«:*#fSU =»* K 
0*M4 f J «#gJ& S ft & o ^7X-BD«^-f^ * H9«W»-Ctt?& fffl ^ *> ft £ 

# J& S *T *> 78 $ ft & *- *b T* * o 

[0 15 2] 

to P WM ] ) Tii*? 5^-BD PWMlSjo^^^^i LT&ttiSft&o iOfc 
T'-f v^JV -^^^ K • ^n-^x^^Of 'f • 7W • 97 K* 

PF*JBv>ftv>ifci:J: *K i^m*. ^5£**SME»t#-r4**ta*W*»o 

t#KJ< A#f-**JK*> 1 o 4 v> -fit© 1 o (JSL±) <Dthfi?-*?%)WWy K 

[0 15 3] 

v^^ • "t 7 ^ K • ynyx^^^f^^SilC^t, 2 5 Am^m^t) 

&&$£*$*fcffiB«>ieffl«>HA^7 wkeeiu T\s4<D\'3<r>m*&M.t t (* 

IT, 2 0 7otf>giSW, 1 9-|B^^tfeS3d^^&6oo3ni 

arr * ^&2f t Kum t tz \t$m K&mz ft-c v> a «^ f- ^ * 1 1 

0f-**^t££o Av^-r-f *jSifcft ($)x.tf, 12KHz^^Ll5KHz) 4T 

*jy Kcoe- a £M"bt flg-efc it fttfvMt&^H£\ £5"C**o ^i 1 ?. «tl«oa# 

tf, WJ» : &«£'&fcS8ffl1"*fcWU 5mm4^L3 0mmWIIIA 5 #It*i. gS&UMO 
Jt*bT/h3V*£fc#, ^#felt<7) r*-/';7*J Ko-7 (BP^ fW&Wfc&Jft* 

ft> 3rS<o*iRiKattti$*i*^t»i^^^tr-A) ^i&&**/j?K«rx.*fc*fctt3 

[0 15 4] 

H2 6WJ:?i:, 'W> V • T'Ovx^ ?oa-f • >f > ? - 7 x-* 

SEtJo fi> ^I'ftOg&KSftfctf-xV * • tfvxTJWH DVD 

7'W^) j5^0fef7**#-t ! l>, ^fflflSt X<D^?Xs rV • -fr* y K • 7*D v 

x^ ^^ii^^-^^f^J: < , 7r/^l"t')>K- 7*nvi^ 9<DXt- <fc tfn 
•7>h*if*R*. 7*o^7A • tff'^i^Sfe^fe^^^o rV v^^ • -9-7 > K • 7*ov 
^^75^^tT^€-tMi)^<7)7 , n-fex315i^i-^lcftv> (?!lx.0\ S3fe^OjH 
^ttfe J: «^^CMtSf HO 2 o^)D S P ±."i*1htt-t ZWH? 4 ;^<Og?# 



(37) 



JP 2004-531125 A 2004.10.7 



-AEMt Sai-ier** %7fi2tiZ>Vr**ftt!W > KfclfR 

[0 15 5] 

[mi] M^^-A^m^^-rnio 

[H2] #A^^S<^7'D-7^11| 0 

[13] TOEs^^*^a, 

[0 5 ] &a*>Mft& i I/'A*S^tStii07M ^ffiSSi^/Ttlo 
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METHOD AM) APPARATUS TO CREATE A SOUM) F IELD 

This invmtioc relates to stecitble acoustic antennae, nod concerns in 
parti cnliT digital electronicaUy-stccrable acoustic emcnnac. 
5 Phased array intenrae uiv well k nowo in the art in both the electromagnetic 

and thr ultrasonic acottf tie fielda. They are lou well known, but exist in simple 
forms. It the sonic (audible) scm wric area. These latter are relatively crude, and the 
invention *e<lrs to provide jrnproyemctus related to a superior audio acoustic army 
capable of being fleered so a* to direct its output rrorc or lesa al will. 
1 0 " WO 9Gft 1 096 describes a system which jircs a unary coded signal to drive a 
uu array of output inuudtxxis. Each transducer is capable of criming a sound 
pressure pobe and is not able to rrproduce tbe wfcoic of the sagcal to be output. 

A firji aspect of the present in \t rib on addresses the problem that can arise 
when multiple channels ere output by a sia$h array of output transducers with each 
15 channel being directed in a different direction. Due lo th= fact (bat cairn channel 
takes a different path to the listener, the cbumolf can be audibly oat of synchrojusna 
when ihoy arrive at the listener's position. 

In accordance with the first aspect, there is provided a method of creating a 
sound field comprising a plurality cf channel* of sound using an zmy of carpet 
20 rransdiicert, srid method comprising: 

for each channel, selecting a first delay value in reaped of eaeh octpul 
t'-ansducer, said first delay value being chosen rn accordance with the position in the 
emy of the respective trunwiuccr; 

aeiecting a iceond delay vaiut for each channel, said second delay value 
25 bang chosen in accordance with the expected travelling distance of sound waves of 
that channel from said array to a listener; 

obtaining, in respect of each output transducer, i delayed TCplica of a signal 
representing each cruuuiej, each delayed irptica b*$n<» dnlsyed by a value having a 
first component coy iprising said first delay value and a second component 
30 comprising said second delay value. 
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Also in accordance -with 5 be tret wpwt of the invcaSca there is provided 
epp annus for creeling a sound Field comprising: 

a plurality of inputs for a plurality of respective signals representing different 
sound channels; 
5 on array of output transducers; 

replication warns arrurrgrd io obtain, in respect of each ouiput transducer, a 
replica of eacb revpccti\M input signal; 

firsi deiay means arranged to del ay each replica of each signal by a respective 
Grit delay value chosen hi accordance with (he po&itiod in the array of the rcspecti ve 
10 ' output traiudcecr; 

second delay means arranged to delay each replica of each signal by a second 
dolay vahie chc*en fcr each uhannel in accordance with :ht eacpeeted travelling 
distance of sound waves of that channel flora the way to a listener. 

Thus, there is provided a method and apparatus for applying two type* nf 
1 5 delay to each' sound channel to oUeviWe flic effect of duTcxenl baveliinjj distances for 
each channel. 

A socood aspect of (be invention addresses the problem thai wis** in audio- 
visual applications of the wiay of output transducers. Dnc to *c various delays that 
often iieod m be applied io the channels to erea:e the desired effects, the sound 
20 channels can iag behind <he video pictures ooticeabJy. 

Accoiding :o the second aspect of the invention, there is provided a incilwd 
of providing temporal corrixpgnrtonce berweeu pictures and sound in an audio- visual 
presentation using an array of output iran&diKcrs to reproduce (he soond content 
coinpi-iaing a plurality of chanoeLt, said rncihod comprising: 
25 delaying, io reaped of Mich oirtput t iLisdoeer, a replica of each signal 

reprcscutins a soend channc: by a respective audio delay varac, 

delaying c video signal by a video delay value calculated <*> uHrespondhg 
video pictures are displayed aiVjb.itnnliidly tlie time tha lernporally comxpor.ding 
sonnd channel* reach die listener. 
?0 Further, in accordance with the second aspect of the present invention, there 
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ij provided apparatus to provide teropurol oorrcspimd«&oc bctweai pictures oud a 
plurality of sound channels in an audio- visual presentation comprising: 
m array of output transducers; 

replication and delay mean* arranged to obtain, in respect of each output 
5 transducer, a delayed replica of each aignal representing a sound channel; 

video delay means arranged to delay a corresponding video signal by a video 
delay vaJik calculated no corresponding video pictures are displayed at roUtantaUy 
the tbne the temporally corresponding sound r-hanncb reach the Hi tern. 

This aspect of the invention thus allows the video and sound t tuvnz Is to 
;0 'arrive at the Yicwcrlistcoer a: the correct time (je in temporal correspondence with 
one another) 

A (bird aspect of the present invention addresses xlxs problem that different 
sound channels may bsve different contents tjvS Thus there arc different needs in 
term* of the directivjry to be achieved by any particular beam reprssentbi a sound 
15 channel. 

Accordingly, thn third aspect nf the invention povidc* u method of creeling * 
sound field comprising a plurality of channels of sound usiog an array nf output 
transducers, said method comprising: 

tor each channel, obtrurung, in respect of each output tansducer, * replica of a 
20 signal representing said channel so as to obtain a set of replica signals for each 
channel; 

applying a first window function to a first set nr replica rignob origraatrag 
Iron* a ftrra souud channel signal; 

applying a second, different, window function to z second set of replica 
25 signals originating from a second sound channel signal. 

Further, in accordance with the third aspect of the jnvanuor.. there is provided 
apparatus to create u sound iicid coruprisiug a plurality of channels of sound, 
comprising: 

an array ofou'-put transducers, 
30 rcph'catioti incans for providing, in respect of each oirfput transdrxcr, a replica 
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of a si^jul rcmcscutirjg each of acid plurolity of channel*: 

wuidoviag means for applying a first window function to ■ first jet of replica 
signal* originating from i first sound crauoel signal and for Applying a second, 
difixrent, wicdow function to a sword set of replica stgoalK originating from a 
5 second channel sigoal 

This aspect thNcfrir* allows difl'ercnl window functions In nr. applied to 
different smrod chaioud* giving a more O^inible »oood field and mating it cosier to 
adjust -he volcmc of each sound channel independently. 

A fourth aspect of the invention addicsvo* the problem that a large array is 
10 'required to direct low frermencie* whereas a smaller array can dirca high frequencies 
to the bdmc Bccurecy. Further, low frequencies require higher power thac high 
frequencies. 

In txxordinoc with the fourth ospoct of the invention there is provided a 
method of craning s sound field using an array of output transducers, said method 
IS composing: 

dividing an input wgna! fane at least a low frequency component and a high 
frequency component 

using output transducer* spanning a first portion of tfct array to outpm said 
low frequency component; and 
20 using uutpu*. transducer* spanning a second portion of s aid array smaller than 

said first portion to output aaid higfc frequency component. 

Furflter in accordance with flic fourth sspecf of the invention there is provided 
apparatus for creating a sound field comprising: 

ao array of output transducers wherein in a first area of »he array the output 
25 trewducers ore rjare densely pecked than in the rwa cinder of *ud array. 

This aspect therefore allows all the frequencies to be output with the desired 
directivity using an efficient nuiobar of output traofduccrs. 

A fifth aspect of lite invention itlatcs w an efficient cirafiguratiou or array 
which can direot sound substantially within a desired plan*. 
30 h accordance with the fifth aspect of the hrventior. there is provided an may 
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of output ttanoduccj3 positioned next lo each other in a line; whcrcsi each of said 
output transducer* fi*3 4 dimension in the direction perpendicular to said Hoc Icrgcr 
thtn the dimciuiou pitmlkl to said line. 

The above d«cribcfi conuguwfcou i* particular ly usefl/l sttice dw sound is 
5 primarily cuncenu a:cd in a plane extending hurirotiliTiy out of the thmt of the wr ay. 
The concentration lo a plane is achieved due to the otaogato oatoro cf U«j individual 
transducer* nod lbs: directivity U achieved due lo the plurality of transduccn in the 
amy. 

The sixth aspect of the invention addresses the need to direct narrow or brand 
10 beams u> a dofined position using reflective or resonant wr races in accotdance with « 
users dosuc. 

In accordance with the sixth aspect of the prawn: ii>veirU«o ther» is provided 
A method of causing plural input signals rcprewaJlag respective channels *o appeitr 
to emanate from respective different positions in space, said method comprising: 
1 5 providing a sound icllscuve or resonant sur&ce rI each of said positions in 

epace; 

providing an array of output transducers distal rVrrro said pnxio'oiM in apace; 

and 

directing, using said array of output transducers, sound 'waves of each channel 
20 towards the respective potitico in space to cause esio* sound waves to he re* 

transmitted by said reflective or rcsouam put face, said sound waves bciug /ocussed at 
a position in apace in fioot of, or behind, wid rcQtctiv© or resonant surface; 

fcaid step of directing comprising: 

obtaining, in respect of each franjdueer, a delayed repEea of each input sifnal 
25 delayed b> a respective delay selected in accordance with the position in the array of 
the respective output transducer and said respective focus position such that the 
eouud w&vcs of ihc channel *re directed towards the focus position in respect of thai 
channel; 

summing, in respect ef each transducer, llio respective dcla>'cd replicas of 
30 each input signal 10 produce an output signal; and 



(47) 



JP 2004-531125 A 2004.10.7 



-6- 

routinjj tho output signals to the respective transducers. 

Further in accordance with ibc sixth aspect of the present invention there is 
provided au apparatus for cans infc plural input asnab representing respective 
chonricli to appear to craaneie from rcsp active cU.'Tercrt poailiwia in space, said 
5 apparatus comprising: 

a aoimd reflective or resonant surf:** * ciich of said positions in space; 

ki array of output tuosJuwKS diMal from wid positions in spwwr, and 

a controller for directing, using said array of output transducers, sound waves 
of each channel towards thai channel's respective position in space such Ural said 
10 * sound waves are re-transmitted by said r effective or resonant surface, said sound 
waves bang focusscd a: a position in space in front of, or behind, said reflective or 
resonant surface; 

said controller coinphsoig: 

replication M)d delay meant arranged to obtain, m rcspact of each transducer, 
1 5 o delayed replka of the input sijgcnnJ delayed by o tespecti vc delay selected in 

accordance with the portion in the array of the icspcs'jve output transducer and the 
respective focus poeitioa each that the sound -waves cftho channel are directed 
towards the focus position in respect of that input signal; 

adder means urrange*) to s\m t in revest of each rran»iuucr, Uw/cjpecrive 
20 delayed replicas of each input ajgnal to produce an output aignal; and 

wcaui to route the oulput signals to the respective transducers such that the 
channel sound waves are directed towards the focus position in reflect of that input 
signal. 

The sixth aspect of the invention al\owa a narrow or brood beam to be re- 
25 trsnsinittod in ccccrdMKO with the roeus positior. bring chos*o bebind or io Sow of 
the rofiector/rcsonatot. 

The seventh aspect of the invention addresses the problem *at it ten be 
difHccIt tn dciwiruna wactly where aonnd is directed or focufced and there is a 
requnerceat for aii intuitive method which alio*'* an operator to control (w:th 
30 feedback) where the sound is directed or Sbcusscd. 
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Id accordance witfi Iht seventh aspect uf the presml invention there ut 
provided ft method of selecting a direction in which to focus soimd, said method 
comprising; 

pointing a video camera in the olcsircd direction, using the viewfinder or other 
5 screen means to determine it the diruciion is Uwt desired; 

calculating a. plurality of signal delays to bo applied to a set of replicas of an 
input signal so ax to direct aoond fn the selected direction. 

Further in accordance with the *evtruh aspect of die present invention there is 
provided a method «f dctwmroinjj where sound u diKctcd, said method comprising: 
1 0 ' autonrttiealty adjusting the dii ccti on in which a video camera points in 
accordance wi!h the direction in which sound is directed; 

discerning Bote "die viewfinder or ether screen means which direction the 
ciuncro is pointing m. 

FwlVnnore in accordance with the seventh aspect of the pre toil invention 
1 5 there is provided en apparatus for setting up or monitoring a sound fidd comprising: 
an array of nurput transducers; 
a dirccabte video camera; 

mean* cc:inroDhig said array of outpiu transducer and said video camera scefc 
that Slid video camera points in the same directiou ax a sound beam from said array 
70 is directed. 

The seventh aspect of the invention thus allows a user to determine where 
sound is directed in an intuitive and easy manner. 

GenciaUy, tbo invention is applicable to a preferably folly digit*; neeiablo 
25 Bccustic phased array antenna (a Digital Phased- Array Antennae, or UPA A) system 
comprising a plurality of spatially -distributed sonic alochoacousric transducers 
(SFTs) airanged in a rwo-d:mocstoaal array and each connected tc the some digital 
signal input \<n ao input signal Distribtnor whieh modifies the input signal prior to 
feeding it to each SET in order to achieve the desired directional effect. 
30 The various oossibi 11 ties inherent in this, s:»d the versions that are actually 
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prufemart; will be seen frora the following:- 

The SETs ire preferably amnged in a plane oj curved snrfoca (a Surface), 
rather tJiij) landotnly in specs. They may also, however, be in Ihc form of 2 1- 
• dimensional stack of two or wcr c odjac.vtt *ub-iu**ys - two or ponre ctady-spiKcd 
5 parallel plane or curved surfaces located or.e behind Ihc next. 

Within a Surface rite SET* nrdcmg up Iho array are preferably closely spaced, 
and ideidly completely iill lie overall antenna aperture. This is impractical with real 
tirculzr^cction SETs but may be achieved with triangular, sqoaie or heaogonaJ 
section SETs, or in general with any fceclion which u'Jcs the plane. Where die SET 

10 'sections do dot tile «be plane, a close approximation 10 a filled tipcrturrinay be 

achieved by making the array in tlie form of a start, cr array* - it, duee-diroension al * 
wlirre at least one additional Surface of SETs is mourned behind least uue other 
such Surface, and the SETs iu ihc or each rearward array radiate between tha jjaps hi 
Che frontward arTay(e). 

1 5 The SETs ore preferably similar, and ideally they are identical. They are. of 

course, sonic - thai it audio - devices, and mos: preferably ibey are able unifonuly to 
cover &c cnhVe audio band from perhaps as low as (or lower than) 20Ha 10 as much 
as 20Kfhj or more (the Aiidio Band). Alternatively, there can be r-sed SETs of 
diffetent sonic capabilities bui together covering the entire range desired. Thus, 

20 multiple different SETc may be physical'^ grouped togetaei to form ■ uunposite 
SKI" (CSET) wherein dw gwvps of different SETs together can cover the Audio 
Banc even though *e individual SETs ermnot. As a fltrJier variam, SETs each 
capable of only partial Audio IJwul coverage can be not grouped but instead scattered 
throughout the array with enough variation amongst the SET* that the any w a 

25 whole has complete or wore nearly complete coverage of the Audio Band 

An afcernarive form of CSET contains several (typically two) icenticel 
batoduter*, ouch driven by tbc some rigHal. This reduces ihc complexity of the 
required signal processing and drive clecrnmics while retaining many of the 
advantages of a large D?AA. Where the podtiou of u CSET is referred to 

} 0 hereinafter, it is 10 bo understood that this position is the centraid of the CSET as * 
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whole, i.e. Iho wntre or p/avity of all of the iruiividual SETs nuking up the CSET. 

Within u Surface Ihe spacing of the SET* or CSET (hereinafter the two are 
denoted just by SETs) - (hat is. fee general Isyoul and structure of the array and the 
way Ok individual transducers arc disposed therein - i* preferably regular, and their 
5 dutrihutjor. about the Siubco is desirably symmetrical. Thus. ihe SET s arc nwt 
preferably spaced in k triangular, square or hexagonal lattice, Tac type and 
orient slirni i>; the lattice con be chnsec w cortt'.ol Ibe rpacing and direction of side- 
lobes. 

Though not taserm'el, each SET preferably has an omnidirectional 

1 0 ' input/output ducacieristic m at least a hemisphere at all sound wsvcleagUis which it 
is capable of effectively mdialine (oneceivin*), 

-Bach outpiu SBT may take any convenient 01 desired form of sound radiating 
device (for example, a wnvenrional toutfcpeaker), ond thoagh Ibey are all preferably 
ibe same tbey could be dLTcrcnl. The kwdspeakers may be of the type known as 

1 5 pisionic ecousiic radiators (wherein the transdsccr diaphragm is moved by a piston) 
end in such a case tbe mnxinium radial extent of the piston- radiator? (eg, the effective 
piston diameter for circular SETs) of the individual SET* is prcfewbry « small as 
powiV.e, and idcalJy is as small as or smaller than the acoustic wavelength of the 
highest frequency in the Andio Band (eg ia air, 20KU* Bound waves have a 

20 wavelength of npproxhnmejy ) Ttnm, so for circular piVtonic transducers, a maximum 
dtametcr of about 1 7mm is preferable, with » smaller size being preferred to ensure 
onus directionality). 

.The overall <timensions of the or each array of SET* m the plane *f me airay 
arc very preferably ehoscc to be as great as or greater thai the tcoustio wavelength in 

25 air of the lowest frequency ol which it is inleoded to siflnificantly affw* ihe polar 
radiation pattern of the array. Tlius, if it is desired to be able to beam or steer 
frequencies as tow as 300rt5, then'** array size, in tac direction ai right angles to 
each place iu which Steering 01 beaming is required, should be at least c, / 300 - 1 .1 
metri (where e, ia the acoustic sound speed). 

30 The invention is epplicabb to fully digital steerabk sonic-' audible acoustic 
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phased onxy sDlenna sr/uun. and while \hc actual transducers ecu be driven by rm 
analogue «gnal mora preferably they arc driven by a digital power amplifier. A 
typical such digital power amplifier incorporates: a PCM signal input; a clock input 
(or a mams of deriving a clock irwn the input PCM signal): an oulpur clock, wliich 
5 it either internally gewraiod, or dzrived from the input eloik or £rwn an additional 
output clock input; end ta optional output level input, which may be either a digital 
(PCM) eigne! or z» analogue signal (in the latlurcaso, this amdogue signal may also 
provide the power for the amplifier output). A charactcrirtie of a digital power 
amplifier is (hat, before cry optional analogue output littering, its output is ditoretc 

10 'valued and sfopwisc continuous, end can erfy change revel al inlervala which nwlcb 
the output clock period. Tne discrete output vnhtes are controlled by the optional 
output level input, where provided. For PWM-baaed digital amplifiers, tfco output 
signal's average value over any inlegcr multiple of the input sample period is 
representative, ofths input signal. For other digital amplifier*, the ootjnit signal's 

1 5 average value tends towards Ihc input signal' to average value over periods greater 
than the input sample period. Preferred forms of digital power amplifier include 
bipolar pulse H'idih modulators, and one-hit binary modulator*. 

The use of a.digiia) power amplifier avoids tl»e more common reqriTcromt - 
/bund in most so-called "distal- systems - to provide a iKgitaMo-analo&uc converter 

20 (DAQ and a linear po*«- amplifier for each transducer drjvc channel, end therefore 
the power drive efficiency can I* very high. Moreover, as mosi moving coil acoustic 
transducer* are inherc-city irjluctive. and meuhzracalry net quite effectively as low 
pass filters, it may be unnecessary to add elaborate electronic low-pass filtering 
between the e;$iud drive circuitry end the SHT*. In other words, the SET* can be 

25 directly driven with digital signals. 

The DPA\ has one or more digital input terminals (Inputs). When mort than 
one input turminot is present, it is necessary to pmvitlo means for routing each input 
eigrul »o the individual SBTs. " 

This may be dons by connecting each of the inputs to each of the SETs via 

30 one or mere input signal Distributor*. At the most basic, an input signal is fed Ion 
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siztflt Distributor, and that single Distributor has a separate output tn each of the 
5 ETs (and the rignal it output* is rcitnSly modified, u discussed hereinafter, to 
achieve the end decijed). Alternatively, there may be a number of simikr 
Distributor*, c/vch 1 along the. or part of ifeo, input signal, r>r jrporjjlc input tignaU, 
$ and thun each providing o wsjjsratc output to each of the SETs (end in each case the 
lineal it outputs is sidtably modified, with the Distributor, m discussal hereinafter, to 
achieve the end desired). In this hucr caic ■ 4 plurality ofDistribvtors each feeding 
all the SETt - the outputs from each Distributor to any one SET have to be 
combined, and eonvenicntty this it done by an adder cina.it prior to any further 

10 * modification the resultant fead may undergo. 

The fctpui terminals preferably r-xcive one o» mwo digital signal* 
representative of the sound cur sounds to be handled by the DPAA (Inpol Signal?). Of 
course, the original electrical signal defining the sound to he radiated rosy be in as. 
analogue form, and ihwcfutc the system of the invention may iachidc one or inorc 

1 5 anah>{.uc-lo-digitaJ converters (ADC's) connected each between an auxiliary analogue . 
input termini] (Analogue Input) and one of the Inputs, thus allowing (lie conversion 
of these external analogue electric*] signals to internal digital electrical signals, each 
with * specific (and appropriate) sample rets F* ; . And «!ius> within the DfAA, 
beyond the Inputs, the signals handled are lime- sampled quantized dighi) signal?. 

20 leprcteutetiYe of the sound waveform or waveforms to be reproduced by the DPAA. 
The DPAA of lac invention incorporates a Distributor which modifies the 
input signal prior to fecdine it to each SBT in order to achieve the desired directional 
effect A Distribute* is a digital device, or piece of software, with ono input and 
multiple outputs. One of (he DPAA'a Inpol Signals is fed into its input. It preferably 

25 has one output for each SBT; alternatively, one output can be shared amongst a 
number of the SRTs or the element* of a CSET. The Distributor sends generally 
differ euily modified venionj of the input signal to eoch of its outputs. Tie 
modifications can be either fixed, or adjustable using a control system. The 
modifictuow carried out by the distributor ran comprise applying a signel delny, 

30 applying amplitude control and/or udjuatztly digitally filtering. These modtScationa 
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may be cariicd mil by signal delay meens (SDM), amplitude control means (ACM) 
ami adjustable digital filters (ADFf) which am respectively localco within the 
Distributor. It is ro be noted that rhc ADF* can be arranged to apply delays to tl>c 
signal by appropriate choke of CHcr cvcfficicrJs. further. this delay cm ^jo uis>.de 

5 frequency dependent such that different frequcrjckt of the input signal arc ddaye<l by 
dilTerunt amounts nnd the filter c»i pioduce ;lie effect of the sum of any number of 
cucb delayed versions of the «i^nol. The terms "delaying" or 'delayed" uced herein 
should be construed as incorporating the type of delays applied by ADFs as well as 
SDM*. The delays can be of any ureful duration including rsro, but in general, at 

1 0 ' least one replicated input signal is delayed by a con-sen) value. 

The sign*! delay means (SDNf) are variable digital signal IhWdefcy 
elements. Here, because these aie not single-ttcquttiey, ot narrow frequency -binri, 
pheae shying efcoents but true time-delays , foe DPAA will operate over a broad 
frequency band (eg the Audio Band). There may be means to edjuai the delay i 

J S between a fi reo input terminal and each SJVT, and advantageously there is a 
separately adjustable delay means for each lnputSET conciliation. 

Ilie rtrbimum delay possible for a given digilal signal is preferebfy as small 
or smaller lb an T„ that signal's sample period; the maximum delay possible for a 
given digital signal should preferably be cboscu to bo as large as or larger than T„ the 

20 time taken for sound to crow the transducer array across its greatest lateral extent, 
D K „, whwe T, - D.*, I c, -where e, is foe speed of sound in air. Most preferably, the 
smtlleat incremental change iu delay poecible lor a given digital signal should be no 
larger than T, ihut signal' s temple period. Otherwise, iRterpolatiott of the signej is 
necessary. 

25 The ainpli Wde control means (A CM) is conveniently implemented aa digiul 

amplitude consul means iui the purposes of gross bctm shape nx>difiauou. It may 
enmpriM an amplifier or alternator so ac to increase or decrease the magnitude of an 
output signal. Like the SDM "there ii preferably an adjustable ACM foi eoch 
l/mui/SET combination. The amplitude control meais i* preferably anangod to 

30 apply differing amplitude; control to cacb signal output from the Distributor so » to 
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conrrtarrict for the fm Dial the DPAA is of finite size by using a window function. 
This i* convtreoiUy achieved by normalising the magnitude of each output rigad in 
accordance wtti a predefined curve foch *$ a Gaussian orve or fl raised eosine 
curve. Thus, in general, ourpni signals destined for SKTs near the cents© of the array 

5 will uol be tiguifica»tly :XTacted but those near to the perimeter of the mroy will bo 
aucuuatod according to how near li> the edge nf the array ibey are. 

Another way of modifying tho signu! twos digital Biters (ADF) whose group 
delay and magnitude response vary in o specified way as a function of frequency 
(rather tlian just a jii&ple Itcie delay or level change) - simple delay elemenla may be 

10 * used in iirrplanenting these filters to reduce the necessary cotirputalierL This 
approach allows contiol of (Uc D?AA radiation patten: as a frujetion of frequency 
which allow* control of the racfcuion pattern of the DPAA to be adjusted aeparm>Jy 
m different msquency bands (which h U5fAJ because the size in wavelengths of the 
DPAA radiating area, and thus ha directionality, *j otherwise a strong function of 

} 5 (Vcqoeijcy). For tifunplo. Tor a DPAA of say 2m extent its low frequency cut-off (for 
directionality) is around the 1 50Hz region, and as {he human ear has diflkulry in 
dstermining dirocriooaliry o f sounds at such o tow frequency it may be more useful 
cot 10 apply TjeanMteering'' delays and amplitude weighting at such low frequencies 
but m*icKrf to go for an optimized mnpnf leveL Additionally, Ihc use of Utters may 

20 also allow sotue compensation for uoevenncss in the radiation partem of each SET. 

The SDM feteyt, ACM gains »nd ADI-" coc'Ticieut* cau be fixed, varied in 
response to Ijsor input, or under automatic control. Preferably, any changes required 
while a channel is in use are made in many email increments so that no discontbuiry 
is heard These increments can be chosen u> define predetermined "roll-ofT and 

25 " attack" rates which describe how quickly the parameter* arc able to change. 

Where more than one Input is provided - ic there arc / inputs numbered / to / 
and when: there are A' SKTs, numbered / to <V, i! is preferable to piovitio a septate 
and Separately-adjustable delay, amplitude control ond'or filter meai.-s D*. (where./ *■ 
Itoln-lioN. horweea each of the / i nnota and each of ths A? SET*) for each 

30 comhiTadon . For each SET dicrt arc thus / dei ayed or filtered digital signal*, one 
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from each of the Inputs via the srparale Dis'jibutor, to be combined Mian: 
application to tlio SJ:T. There we bi gtatend iV separate SDMa, AChia nmVor ADFb 
in each Distributor, out for each SET. Ai noted above, (his combination of digital 
signsb is conveniently dene by digital dgctwaio sddiliyn of die / scpnmte delayed 
5 signals - ;c the sipud to each SET is a linear corr.mnution of aejxiralely modified 
sigrub from each 0/ the / Iiyula. The requirement to perforin dip t a] addition of 
itignals oiiginaiinij Com vtore than one Input means thai the digital sampling rale 
conveners (DSRCs) may Deed to be wad, to synuhtoui^ those external signals, os it 
is generally nor mj^mtogpjl to perform digital addition, on wo or more digital signals 

10 * vridi decreet clock roles and/or pboate. 

The JJPAA system may be uwd with a remote -contra) handset (Handset) that 
communicates with the DPAA electronics {via wire*, w radio or infra-red or some 
other wireless tecb:iology)over a distance (ideally from anywhere in ths listening 
nrcs o/thc DPAA), and provides manual control over »n the major runcrjoos of the 

1 5 DPAA. Such a control system would be most useful In provj do the following 
functions: 

1 ) seJcctioQ of which Input (s) arc to bo connect od to which Diurihulox, 
which might also be termed a "Chancel'*; 

2) control of the focus position and/or liearn shape or* each Channel; 

20 3) control o: the individual volume-Jewl Bettings for each Chnnnol; *od 

4) an Initial parameter sd-ep osrog the Hnndset having a taS'.-in 
tnictophoue (see later). 
There may also be: 

mceos to iotsi connect two or wore uuch DPAAs in order to coordinate 
25 their radiation patterns, their focussing and their optimization, procedures; 

means to at wo and recall seta of delays (for the DDGs) bad alter 
coefficients (for the ADFs); 

The invcuticn will be fartlier de*cribtd, by way of nun-limiluiive caazuple 
only, with reference to the accompiroyrns schematic drawings, in vbich:- 
30 Figure I dtows a representation cf e simple fcingle-irrput apparatus; 
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Figurc 2 is a block diagrtm of a mntiiplc-inpul apparatus; 

Figure 3 it a Mock <liz grain of* general pvrj-oss Distribitroi; 

Figure 4 is a block diagram of a If near utrpliua and a digital wnpliOcr vxed 
in preferred ombodimcMt of the present invention; 
5 Figura 5 shown the rotorcoimecn'on of several arraye with common enmrnf 

Ond input stages; 

Figure 6 6hows a Distributor in accordance with Ac Cm aspect of the rnesrnt 
invention; 

Figures 7A lo 7D sbow four typo of sound field which may he achieved 
10 ' wing tlio apparatus of tlie first aspect of the present invention; 

Figure 8 shows throe different beam paths obtained when thrce'sound 
chancels are directed in different directions in a room; 

Figure 9 show? an apparatus for applying a delay to each channel to account 
fix dmeraH unve: h ng distances; 
15 Figure f 0 show* an apparatus for dciayir:g a viiteo signal in accordance with 

the delays applied to tbc audio channels; 

Figure* HA to III) ahow various window functions u*ed to explain the tbird 
aspect of the present invention; 

Figure 12 eiows an apparatus for. applying different window functions to 
20 different channels; 

Figure 13 i* a block diagram showing apparatus capable of sharing dilfeanl 
hrquoocici in different waya; 

Figure 1 4 shows on apparatus for routing different frequency bands to 
sspaiate output transducers; 
25 Figure 1 5 shows an apparatus for routing di ffercnl u«]nmcy bends to 

overlapping «eta of output transducers; 

Figure !n shows a fiont view of an erruy with symbol* representing \hc 
frequency bands which each transducer outputs; 

Figure 17 shows or. winy of output transducers having a derasr rugum uf 
jQ iransducers near Ox csutre, in accordanc c with the fourth aspect of the f avouiion; 
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Figure IB shows asiugtc Utmsdnocrheving an eUmgalu structure-; 

Figure 19 shows an array cf ice transducers shwa in Pigure 1 ?; 

Future 20 shows a plan view of an anay of output 'cimsduccrs and 
TcflocitvckcsoMnt scweas to achieve a surround scuud effort; 
5 Figure 21 Shows a plan view of an array of transducer* and reflective/resonant 

surface*, with beam patterns being Teflec:cd fhnn die surfaces; 

Figure 22 shows a side view of nn wuray having a video vomer* attar-hud in 
accord ancr. with the seventh aspect of ihc mvcnlioo; 

Figure 23 i* a drawing of a t>pi«d set-up uf a ioudjpcakei system ui 
10 'accordance with the first aspect of the pmect invention; 

Figure 24 is a block diagram of a first part of a digital toud&poakcr system in 
uccorAnwe with a preferred ewbodurwnt of the first, aspect of fhepment invention; 

Figute 25 is a block diagram of a scoond part of h digital loudspeaker systom 
in accordance with a preferred embodiment of the first aspect of the present 
15 invention; and 

Figure 26 is a Mock diagram of a third part of a digital loudspeaker system jn 
accordance with > preferred embodiment of the first aspect of the prcicni invention. 

The description and Figuro* provided hereinafter necessarily deswbe the 
20 in vention using block diagrams, with each block representing a hardware component 
or n signal processing step. The invention could, in principle, bo realised by buiMtog 
separata physical component* In perform each step, and !nterconji«cting than as 
shown. Sovcral of the steps could be implemented using dedicated cr programmable 
integrated circuits, possibly combining several steps m one circuit. It will be 
25 understood that »n practice it is likely to be moot convenient to perform several of the 
signal processing steps in software, u»ug Difftti Signal Processors (DSPs) or 
gttttrcl purpose microprocessors. Sequence* of steps could then be performed by 
separate processors or by separate software routine* sharing a n)icrorcoccss4>r. or be 
combined into a single roaiino to improve efficiency. 
30 The Figures generally only show audio signal patht; clock and control 
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connections are onriucd for clarity unless necessary 10 convey the idea. Moreover. 
anty me 3} trumbitfs of SF.Ta, Qwcmela, and their associated circuitry «e shown, as 
diagrams become cluttered and hard la interpret if the realistically lar^e ouraberi of 
dements are included. 
5 Before the ivspectm: aspects of the prcscrr; invention arc thwrriheil, it is 

useful to describe embodiments of the eppattius which arc ratable for use to 
accordance -with any or the respective aspects. 

Toe block diagram v: Figure 1 dcpkts a simple DPAA. An input signal (1 01) 
fseOs a Distributor 002) whose many (6 in the drawing) outputs each connect 

10 through optional amplifiers (103) to mitmrt SiiTi (104) which ore physically 

arranged to fcrai a two-dimeoaiorMil omiy (105). Tho Distributor mollifies (he 3ignal 
senl to each SET to produce the desired radiation pastera. There may be Addition! 
processing atcps before and »fier the Distributor, as ilhutralcd later. 

Figure 2 aliows a DPAA wiih two input aign&ls (501,502) and three 

15 Distributor* (503-505). Distributor 503 treats the signal 501 , wherexs both 504 and 
505 treat t/w input aignnl 502. Vbo outpirti from oftch Distributor for euch SET are 
summed by adders (506), and pass through amplifiers 103 to the SETs 10*. 

Figure 3 shows the components of a Distribiitoi. It has a single input signal 
(i01) comrng from the input circuitry nod multiple outputs (802), one for each SET 

20 or group of SF/Ts. The pah from the input to each of tho outputs cootaiiui a SDM 
(803) nod'or an ADF (804) and/or an ACM (805). If the modifications made in each 
signal path are tijnilnr, the Distributor am be implemented more tflickntly by 
including globe) SDM, ADF and/or ACM stages (S06-803) before splitting the 
signal The panroe tors of e*cb of ttue parU of eacli Distributor can be varied trader 

25 User or aummatie contra). The control connections required far this ate not shewn. 

Figure 4 shows possible power amplifier coufiguratiorM. Tn one option, ihc 
input dig: to) signal (1001), potnhty from a Distributor or adder, passes through a 
DAC (1002) and a iuienr power amplifier (100.?) with aoopHcual gain/volume 
eontrul input (10C4). The outyut feeds a SET or group of SETs (1005). In a 

30 preferred configuration, this time illustrated for two SET feeds, <ho icpuis (1 005) 
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directly feed digital amplifiers (1007) with optional global volume coaxial input 
(100H). The global volume control inputs can convenisntfy also serve as the power 
supply to toe output drive circuitry. The discrete-vabjed dig:lsl arnpliuer outputs 
optionally pass ibrousjh analogue low-pass filters (1009) before icachin S the SET& 
5 (1005). 

Figure 5 illustrates Iht intcrconucctioa of three DPAAs ( 1 401 ). to this case, 
th: inputs (M02), input circuitry (M03) and control systems (1404) are shared by all 
three DPAAs. The inpul circuitry and control system oouid eilbcr be separately 
housed or incorporated into one of the DPAAs, with the others acting at slaves. 

10 " Alternatively, the three DPAAs could bo identical, wi th the redundant circuitry fn tlw 
alave DPAAa merely inactive. This set-up allow* increased pence?, and if Ifcft mays 
«ro placed side by side, better directivity irt low frequencies. 

The apparatus of Figures 6 and 7 A to 7H has the general sJrocoo B shown in 
Figure 1 . Figure <5 shows a ptefcreble Distributor (1 02) in hVJier detail 

15 As can be seen front Figure 6, the input signal (101) is routed io u repitceior 

(1 504) by means of on input temuual (15 J 4). Tbc replicator (15 04) lias the function 
of copying the irarct ai final a nro-detcrmined nnntber of times and providing the s«n« 
signal at said pro-delcrmincd number of Output terminals (1 5 1 S). Each rcpKca of the 
input signal is then auppliod to the means (150G) for mwhfying The replicas. In 

20 general (be means (1 506) for in odd/tog the replicas includes signal delay means 
(ISOeX amplitude control moons (1510) and :uiju*lible digital fJter means (1512). 
However, it should be noted that tho amplitude coulroi means (1510) ij purely 
optional Further, one or other of die signal delay means (1 SOS) and acjusvablo 
digital filter (1512) may also be dispensed wish. The most luwfauuenial function of 

25 the meant ( J f 06) to modi fy replic as is to provide that differer it replicas are i n tome 
swwe delayed by goncrally different uuauots. It is tbc choice «f delays which 
determines tho sound field achieved wben tiie outpnt transducers (104) output the 
various delayed versions of the input signal (101). The delayed aid preferably 
otherwise modified replicas are output from tbc Diaribmcr (1 02) via output 

30 terminals (1516). 
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As already mentioned, its choice of respective delays caj-rtcd by each signal 
delay means { 1 50*) wiU/dt each adjustable d«jiutl iillcr (1512) criucally influences 
the type of sound rield which is achieved. Ir. general, there a« four particularly 
advanLigcoufi sound fields wbtdi can be linearly combined. 

? 

F irst SttiadPield 

A first sound BcliJ is shown in Fi^uiu 7A. 

The army (105) comprising (he various output trwi3duccjs (104) in shown in 
10 'plan view. Oiher rows of output transducer? may be foe ate J above or bduw the 
illustrated row. 

Tbc deluys applied to each replica by the various signal delay means (508) are 
set to be the Mme value, eg 0 (ui the case of a plane anay a* illustrated), or to value* 
thai are a function of the #hape of the Surface (in the case of curved surfaces). This 

15 produces a roughly para'>l "beam" of sound representative of the- input signal (101), 
which Jias a wave mini F parage! to the array (t 05). The i-urfiiuion in the direction of 
tbc bean (perpendicular to the wave front) is significantly more intent* than in other 
directions, though in general there will be "side lobes" too. The assumption » thai 
the array (1 05) has a physical extent which is one or several wavelengths at (be sound 

20 fietjucmace of mitral. This fact means ibai the side lobuu can generally be 
attenuated cr moved if necessary by adjustment of the ACMs or ADFs. 

The mode of operaiioo may generally be thought of as one in winch the array 
(105) mimics a very large traditional la-.xfcpei&r. Ail of the individual tiaosducers 
(104) of tbc army (105) are ©penned a phast* to produce * symmetrical bean: with a 

25 principle direction perpendicular to the plane of the array. The sound Odd obtained 
will be very f iruilar lo that which would be obtained if cringle large luudapeoker 
having a diameter D wts used. 

Second Sound field 



30 
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The first sound field might be thought ntast specific example of the more 
general second sound field. 

Here, the delay applied to each replica by die signal delay mean? (1 30B) or 
adjustable digital filter (1512) is vault to vary such that ihc delay inereajea 
5 rysiemalicaHy amongst the inuiHlucers ( 104) io soma chos** infection across the 
svrftce of (ho amy. This is illustrated in Figure 7B- Tm d<»«y3 applied to the 
virions signals before thry are rccted to their respective ootput transducer (1 04) uny 
be vjnu&Iued in figure 7B by the dotted lines extending behind (ho uanndueor. A 
longer rioted hnc represents a lunger delay time. In general, \hc relationship 

1 0 ' btrwoen the dotted linos and the actual delay time will be d. » i/e where d 

rer-ruenti; the leneth of d* dolled line, t represents (be nrnounl ofdc!ay allied to 
the respective signal and c repreecuu the speed of sound in air. 

As can be seen from Figure 7B, the delays applied to the outpid trinsdneers 
irwrrease linearly at you move torn left to right in Figure 7J). Thus, the signal routed 

i $ to the transducer { 1 <X«) Jjas sub*tm>ti4jiy no delay and tbus t« the first sigmd to ex it 
the array. The signal routed to the transducer (104b) has a norJl delay applied so this 
signal is the secosd to eiit the array. The delays applied to the transducers (104c, 
J04d, lC4a etc) ntccosiveiy increase » that there i> a fixed delay between foe 
outputs of adjacent truudncen. 

20 Such « scries of delays produces a roughly parallel "beam" or sound wnulor tt> 

thai produced for the first sound Odd accept that now the beam is angled by an 
amount dependent on Ibo amount of systematic de»3y increase that was orod. For 
very small delays ft, n) die beam direction will be very nearly orthogonal to 
Oie may (105); for larger delay* (max t0 - T t the beam can be steered to be nearly 

25 lengoitiol to the surface. 

As ahead/ deteribed, sound waves can bo directed withoul focussing by 
chOvwrug delays such thai the same temporal pnrts of the sound waves (ihuie parts of 
tae sound wares representing the woie infoTTnation) frrm each transducer legethec 
form a fionl F travelb'iuj in a particular direction. 

30 By reducing die ejnplimdes of the signal? presetted by a Distributor to the 
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SETi located c!o5cc to the edges of Uw smy (relative to toe acipltCKdos ptMeotcc to 
the SETs olreer to the middle of tbc array), the level of the siiie lobes (due lo the 
finite anay size) in the radiation paiteri tray be reduced. Tot example, o Gaussian or 
rawed cosine curve may be used to dr.ennine the aroplifcides of (be aigcals from each 
5 SET. A trade off is achieved between adjusting for the effects of finite array size and 
lie decrease in power due to tlte reduced amplitude in the uuer SBT«. 



• 10 < Duid..Spuml PicM 

If the npiid delay applied by fiic signal delay mean* (1 50«) and/or fhe 
adaptive digital filter (1 512) is chosen such dial the sum of the delay pint the sound 
trove I time from that SET (104) to a choaut poj n ic space in front of the DPAA ere 
15 Cot all of the SRT$ the same value - ie. «o lh»1 sound waves arrive fron: each ol the 
output transducers ni the chosen point as in-pbase sounds - then the DPAA may be 
canted to focus sound *t that potxtt, P. Tnis is illustrated io Figure 7C 

As can be seen lion: Figure 7C, the delays applied at each of tbs output 
transducers (JCWa through J04hJ again increase, although thisiime not linearly. This 
20 causos a curved wrvc front F which cod verges on the focus point suet lhal the sound 
inter-airy at and around the focus point (in a region of dimensions roughly equal to i 
wavelength of each of the spec^C nrniponeuU of the sound) i* considerably bighjj 
than at other pants neatby. 

The calculations needed lo obtain sound wav© focussing can be generalised as 
25 follows:- 

H 

focal point position vector, f = : / | 

'UJ 
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nth transducer position, ** j p v 



transit time for fflh transducer t„ ~ — ^ (f - p.) r (f - p«) 
nxruircd delay for each trans <i oca - , </, - k - t H 

' where A is u constant offset to ensure that all del aye &r« positive and hence atiiiablc. 

5 

The posiiioa of the foceJ point utty be vuried widely n!mort anywhere in 
front of the DPAA by roitably choosing the sex of delays as previously described. 

Fourth frwmd F ield 

10 

Figure 71) shows x fourth sonnd 6eM wherein yti another rationale is used to 
detmains the delays oppKcd to »hc signals routed to each output trnrwducer. In this 
crcbodirucaUIuyseos wavelet theorem is arvofced to sinrnbto a sound field vbkh 
has on apparent origin O. This is achieved by setting the signal delay created by the 
15 signal delay mean* (J 508) or the adaptive digital filler (1512) u> be equal to (he 
sound travel time frow a point in space behind ibe array to the respective output 
transducer. These delays are illustrated by the dotted linen in Figure 7D. 

It will be icco Aura Figure 7D that those output transducers bested close*, to 
the cumulated origin, position output a signal before those transducers located further 
20 away front ihe origin petition. The inten'crvncc paticra set up by the waves emiitcd 
hum each of ihe tnrruwJucers creates a *ouul field which, to listeners in the near fidrt 
in front of the array, appears !o originate M the simulated origlx 

Hemispherical wavo fronts are shown in Figure 7D. There sum to create Ihe 
wave lrou«.F which has a curvature and diioctiooof movement tl* satne as u wavo 
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frrott would bave if ii had originated at the iimul atcd origin. Thus, * true sound field 
is obtained The equation for calculating tbe dclayc is now:- 

niiwc I, in defined us in third embcdimttit and j is an arbitral? offset. 

5 

It can be scon, ihcrefbre. that tbe genera] method utiUoed involves using the 
replicirior (1 504) to obtain N replica signal*, one for each of the N output 
transduced. Hwi of these icpUcw are then delayed (perhaps by GUmitig) by 
respective delays which arc selected ic accordance with lioth (he position of the 
10 respective output timuducer in tin* njury pnd tho effect to 1* bsIuovbO. The delayed 
signals are then routed lo the respective outpuX transducers lo create the approprirtu 
so cud field. 

The distributor { 102) preferably competes separate replicating and delaying 
oe*rj* so that signals may be replicated and delay* may be applied to «tfc teplica. 
1 5 However, other configurauoos are included in the present invention, for example, an 
input buffer with N taps way be used, Ihe position of the tap dtf amrininj; Oie emotot 
of delay. 

The system described is a linear one and so h is possible to combine any or 
the above four effect* by sinrpfy adding together the required delayed signals for a 

20 particular output transducer. Similarly, i be baear nature of the aysiein mrjma that 
several inputs may oech be separately and distinctly focosscd or directed in the 
jnarmer described cbovc, giving rise to conrrotiable and pofenh'ally widely separated 
rcgioce where diarinct sound 6eldi (representative of the signals at the Afferent 
inputs) may be established remcte from die DPaA proper. For example, a fust 

25 signal can be inade to appear to originate some distance behind the DPAA and a 
second signal can be foeiased on a position some distance io utnil of the DPAA. 



First Aspect of the fr.ven.Mw 
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Tbc first aspect oUhz invention iclalss to the use of & DPAA in a 
mrllichtnwl system. As already cewjibcd, diifeiwrf obatincls ruay be directed in 
different dirccticn* using ihc same array to prorkJc special effects. Figure 5 
scbematlcejly shows this in plap view the array (3 SO I) »fc uaed to direct a first beam 

5 of sound (Bl) suhst antinlly airtight ahead towards a listener (X). This ten be cither 
focussed or not U showu in Figures 7 A or 7B. A second beam (B2) is directed at a 
♦fight angle, so dtat the beam pasics by the bVxner (X) and undergcei must-pie 
reilectious from the woib (3502), eveoluaJry reaching the list oner again. A third 
beam <B3) is dh ected at a oroxger angle so thai it bounces «ice of the ride va3 end 

!0 * retches the liMsoet . A typical application tjt such * system is a home cinema system 
in which Beam Bl represents a centre sound channel, beam 82 represent! a right 
surrouod (right rear speaker in conventional systems) sound channel ar.d beam B3 
jeprcaenU a left auund channel. Further beams for the right channel and tefl surround 
clianuel way also be present b»it are omitted from Figure S Tor daily. As is evident, 

IS the beams travel different cKsjkogcs before reaching Ihc user. For example, the centre 
beam may travel 4\8m, the left and right chancels may imvol 7.8m and the surround 
cltannels Uavel 12,4m. To account for this, an extra delay can be applied to me 
channels which travel the shortest distant c so that each channel reaches the user 
substantially xhnultancnualy. 

20 Apparatus for achieving this is *lio«vn in Figuru 9. Three channels 

{3901,1902.1903) are input lo respective delay means (3904). The delay means 
(3904) delay each efcsnnel in «me by an .tmntrot determined by a delay controller 
(3909). The delayed channels Iheupaw to distributors (3905). ad4cn (3906), 
amplifier* (3907) ar\d outpui transducers (3908). The distributors £905) rcphca* 

25 and delay the replicas so as to direct the channel* in diffcreni directions as shown in 
Figure X. The delay Cf>ntr6l'«er (3909) choosy delays based on the expected distance 
sound waves of that channel will travel before reaching :hc user. Using the above 
example, £e surround channel travels the furthest and so is not delayed at all. Ihc 
left channel is delayed by 13.5 raise it arrives at the seme lime as the surround 

30 channel and the cenae charjjol is dclayec by 22.4 ms so that it arrives at the same 
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time as Ihc surround channel ind the left cbamvcl. This ««urw that Bit channels 
reach the listener ot the txr.e time, tf flvc direction of the channels is changed, the 
delay controller (39U9) can take accouul of this and adjust the delays accordingly, hi 
Figure 9, the delay means (3504) are shown before the distributors. However, they 
5 may heneficif.Ily be ii-cirrGrnlaJ into the distributors an that the deisy controller 
(3909) inputs a signal to each distributor and this delay is applied to all rwticatod 
si gnds output by that distributor. Funhcr, in ccothcr practical alternative, there can 
be used a single delay cmholler (3909) which choosos the resell ant delay for each 
channel replica uwl thus scud* delay data tD each diili ibulox, wihonl the need fox 
1 0 " separate delaying elements (3904). 

In the above described first aspect, the delays in the sound reaching the daw 

15 can be considerable and become more noticeable as they incite** in magnitude For 
oudto- video «p plirruions. this can cause the picture* to lead the sound giving an 
unpleHRunt efTccx. Ttiii problem am Ims solved by use of the apparatus shewn in 
Figure 10. Concspcading audio aud video signals are jnpplicd from a source s\xli ai 
a TJVD player (4O03). These signals arc read out simultaneously and have a tcmpurel 

20 cot7e&ponrienc«L A ctiaoi.-d splitter (4D04) is used to obtain eech channel of audio 
from the audio signal and eweh channel is applied to the apparatus shown in Figaro 9. 
The audio delay controller (3909) is connected to a video delay means (4003) so that 
the video signal can b: delayed by tut appropriate amount so that round and pictures 
reach the user al the same time. The output trojn tho video dc -ay roenns is then 

25 output to screen means (4006). The video delay applied is generally cutel&tcd wi th 
reference to the creates* distance tra veiled by a sound beam. ie the surround channel 
in Figure 8. The video delay in thii case wou£ be set to be equul to the travel time 
of beam BZ, which is cot deJuyad by audio delay mean (3904). It is usually 
desirable to delay the video signal by an integer cumber of frames, mceuicR that the 

30 video delay valnae are outy approximately equal to the calculated value. Even the 
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surround channels may undergo com* delay due to any processing (eg Ultcdug) tbcy 
i^idcrjo. Thus, a further component may be addsd to the video dolny value to 
account for tUs processing, delay, farther, it ic often simpler to delay ihe video 
signal Uw sound dial reachc* the listener on a direct pofb (eg Bram 01 b Ftgue 
5 3) leaves die speaker. 'Jhe resulting error is jrrcraily smalt, and listeners are 
accustomed tit it Horn current AV systems. Claims 1 1 and 1 6 are intended to cover 
die aysiem whsroby this aod spproxitnatioiw dne to integer video fames we used, by 
virtue ef the phrase "at substantially ike time". 

Aj a refinement, the video delay attms can be connected (see dotted line ic 

1 0 Fi gure 1 0) as well t« cash diitribirior (.*»!>05) so that appmprinte account can be taken 
of any delays applied fur reasons of beam directivity too. As a further rr&nccient, 
the video-processing circuitry can be used to provide an on* screen display of the user 
interface cf the sound system. 3n a mroe general eofrware embcdinicrd, cseb 
component of audio delay would he calculated by a rricroproccasor as pari of a 

1 5 program as d a complete delay value wiouM be ealctdatcd for each replica. These 
values would then be used U> calculate the appropriate video delay. 

Third Asnce: of the Invention 

20 When multiple channeJs are used, it can be beneficial to apply a different 

whdov ftuicttor. to eacj channel. The window fiindioo reduce? the effects of "side 
lobes* at the expense of power. The type of window function used is chosen 
dependent on the qtialibes required of Uw resultant beam. Thus, if beans directivity is 
important, a window function as is shown in Figure 1 1 A should be used. If less 

23 directivity is required, a more gcntl* Auction as shown in Figure 1 ID cm be uwd. 
An apparatus for achieving this is shown in Figure 12. This apparatus is 
scbsmtiany the satuo as tha shown in Figure 9. except die extoa delay means (3904) 
are omitted. Such cxtm relay mean* can he combined with tliia aspect of the 
invention however. An e*tro component (4101) is positioned after the distributors in 

30 Figure \Z This component applies the windowing function. T.us componea* can 
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bpncficii'Jy bo coiobincd wiih 'jo distributors but is shown separately for clarity. 
The windowing menu (4101) applies £ window function 10 the wt of replicas far. A 
channel. Thus. the ry»lcin cay bj ecu figured <so that different window funeuvnt arc 
chosen foTtfith ciiionel 
5 This s)stcm has a further advantage. Giaraok having a hi^fc bus* content ait 

generally required lo hait; a tush level and directivity is oot so important. Thus, the 
window firjicrion con b* altered tor such channels to mcd these needs. An example 
is shown in figures 1 1 A-D. Figure 1 1 A show* a typical window Evnclion, 
Tnuuduocn dcv the outside of amy (4 102) htvu a tower output level than ihu«e in 

10 * tho centra to reduce side lobe* and improve directivity. If the volume is turned up, 
hD output icveU increase oiid lome transducers in the centre ofthc array may szturaie 
(see Figure 1 IB), having reached full scale deflection (FSD). To avoid this, the 
shape of C"j= window fuacticr. can be changed instead of merely amplifying the 
output of each transducer. This if, sIktwu in figure* i iC-aud ill). As the volume is 

15 increased, due outer transducers ploy a greater rola iu cootribuiing to the overall 
sound. Although this increases the side lobes, it also increases <b& power output 
giving A louder sound, whhont any clipping (saturation). 

The above technique is motf iriirwruxrit for ibe higher frequency cwnponcats. 
Thns, the present ttspcci can be combined with the fourth aspect (sec later) 

20 advantageously. For lower frequencies, -where directivity is less attainable and \&s 
important a fial ("Boxcr:") window funcuwi moybc used to itchieve maximum 
power output Also, the ciutngutg of (he window Amotion to account tot increased 
volume i$ showo in figure I LP is not essenltal and saturation as shown in Kgme 
I SB may not ir. practice appreciably deteriorate quality shy* the windows still fall* 

25 off lo reru avoiding a discontinuity at the edges and a discoatinnity in level is more 
damaging than a discontinuity in gradient, as shown ia Figure 1 IB. 

Fourth Aspect of <h s. Invention 



30 



TThj ditactivhy achievable with the- array is * huvetion of the frequency of the 
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signd to be directed and the sizn of the array. To direct a low frrcuency wgnul, a 
larger aniy is necessary than to direct * high frequency signal wi£h the some 
resolution. Furtberruoie, low frequencie* generally require note power than high 
frequencies. Thus, jt is tdvcrvUgeciu Co spJit «n input signal into two or more 
5 frequency bands awl deal with tbe» frequency bands separately in terms of tbs 
directivity which ur achieved using 'be DPAA apparatus. 

Fijjutc 13 illustrates 'to general apparatus for »e)ectively beaming distinct 
frequency hands 

Input signal lOIis connected to a signal spbKer/cooibiiiar (2903) And hence 
10 " to a low-pass-Jlllcr (2901) and a higb-pass-filter (2902) in parallel channels. Low- 
pass-filter (2901) is cojiooctec to a Dirtribntor (2904) which connects to all the 
adders (2905) which are in turn connected to the N transduced (1 W) of theDPAA 
(105). 

Ht/rh-pass-filter (2902) connects to a device (102) which is the same as 

1 5 devic* (1 02) hi figure 1 (ard which in general contains within it K variable- 
amph'uide and vaiiable-time delay clonic: its), wluoh in turn connects to die other 
ports of the adder* (2905). 

The system may be used to overcome the effect offer-field cancellation of the 
low frequencies, dr.e to the array size being small compared to a wirvchmgth at those 

20 Sower frequenci es. The system therefore, allow s different frequencies to be treated 
diffcrentiy in temiK of slmpiuR too sound field. The lower frequencies p*M berween 
(he source/detector and the uaroducers (2901) all with the same time-delay 
(nominally zero) and amplitude, whereas the higher frequencies are appropriately 
time-delayed and amplitude-controlled for each of the N Transducers independently. 

25 This allows anti-beaming or nulling of ti \e higher frequencies without global Jar-field 
nulling of the low frequencies. 

It is to be Doled that the nxtthod according to the fourth aspect of the 
invention can be carried out using the adjustable digital filters (5*.2). Such filters 
allow different delays to be accorded to different frequencies by simply choofung 

30 8ppr<^rifltev»htesforOKfdterc<>cjricierrs. In this case, it is not necessary to 
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separately split ^> Ihc frequcricy band* and apply differ oil delays to ihorqrfms 
derived rrom each frequency band. An appropriate effect can be Achieved simply by 
filtering the various replicas of the single inpui *!gnM. 

Figure 1 4 »Iv>\vk anolhs erubodirr.er>t of (bit aipect in wbtcfc diflercot sets of 
5 output transducers of the array ore wed to transmit different frequency binds of the 
inpui signal (101). A* in Figure i3, (he input signal (101 ) is split into q high, 
fr equate? hew 1 , by u high paw filter (3402) und a low fiequcacy band by t low past 
filter (3405). The low frequency signal is routed to a first set of transducers (3404) 
und the high frequency band is routed 10 a second set of transducers (3 40 Ihe first 

10 * set of transducers (34W) span a larger physical extent of the array than the high 
frequency Inuwducers (3405) do. Typically, the ex tout (that trio raayutuiln of a 
characteristic dunenaion) spanned by a set of transducers is roughly proportional to 
the shortest wnveiCKgth to be transmitted This gives roughly eqoal directivity for 
both (cr aD if more than two) frequency bands. 

1 5 Fignres 1 S shows a farther einbrdiiceut of this aspect in which sonic output 

transducers are shared between bancs. Again, die signal is split into low and hi^b 
frequency components by low-pass JUter (3501) and e high pass filter (3502). The 
low frequency distributor (3303) routes Hpptnpriuely delayed replicas of foe low 
frequency component of Ojc Lcpot signal to a first set of the output transducers 

20 (3505). In this cxnrrrpU, this first comprises eU the transducers in rht array. Tbe 
high frequency distributor routes the high frequency coniponem of Ac input signal to 
a second set of output transducer* <350o~). These transducers arc a subset of the 
whole array ar»d. as shown in the Figure, may bs the s»noe onss as arc used to output 
the km- frequency component . In this case, adders (3504) *rc required !o add the low 

25 frequency and high fi-equency sigcolt prior to output. Ictts, in this embodiment, 
more trarudiKxrs ere used to output the low frequency compojoent and (bus more 
power can be achieved where it is needed at the tow frequencies. To further improve 
the power output at low frequencies, the outer rnmsdttccrs (which output solely low 
fr«ru«iei(w) can be larger and more powerful 

30 This method has ihc advantage Oiat die directivity achieved b the same across 
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all frcquentiee ami a micrjourn of transducers ars used fw the hicti frequttccies, 
resulting in decreased complexity and cost. This if especially flic case when a aet-up 
such as is slwwri io F-gure 14 is used, with tow-ncquwncy ipeciiic transducers 
nroujid fee outside of the array awl high frtqnercy transducer* sear the centre This 
5 bus the further advantage thai cheaper Hir.itcd mnge tnmsduoew nicy be wed ratlier 
thin mil-range transducers. 

Figure 16 shows schematically a front vi«w of an array of transduces, each , 
symbol reprejeafing a transducer (c<>te the *ymr»ls are not intended to re We in any 
way to the shape of the tnuisduca-s used). When the method oi' figure 14 i> used, the 

10 'square symbols represent transducers which arc used to output tow Ireqsieocy 
compeiicnts, Thr rircto syvubob ivjwrscnt (ranidWjs which output raid-range 
components and the triangle symbols represent tnmnluccrs which output high 
frequency components. 

When the method of Figure 35 it uaed, the triangle symbols represent 

1 5 trwKduoors which output components of all three frequency rouses- 1 »e circle 
symbols represent transducers which output only mid-range and low frequency 
signals and the square symbols represent transducers which output only lew 
frequencies. 

Tbia espect of the invention is fully cojnpittude with lb© above-described 
20 rhArd aspect since windowing functions can be used, with the calculation taking place 
after ths distributor (3403, 3503,3507). WScn dedicated transducers we UBed (as in 
Figure 14), the "bcle" in the tow rrecueney window ftjnctioa caused by tec presence 
of a centre array of high frequency transducers is not usually riecimcnwl to 
perJbrrnancc. especially i r the hole is iru/fir. entry small with reject to the shortest 
25 wavelength* reproduced by the tow frequency channel 

It is evident from Figure 16 that less transducers arc used for the high 
frequencies than for the tow 6 oquencioa and ttwt ihi. specdng between adjacent 
Uamducut is ruwtant. Ilowovet, the maximum acceptable transduce/ spacing >j r 
firoction of wavelength so that to avoid «de!obcs at high frequencies requires morn 
30 tightly pocked (eg every a/2) Transducer*. This makes it expensive in linns of 
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Iraualucers vaid drive clw.uor.ica to cover tn area large enough to diruci low 
frequencies on the om hand but with tightly spaced transducers to direct high 
frequencies on the other hnnd. To solve this problem, am array as shown in Pigure 17 
is prowdod. This airay has a higher than average density of output iransdeecrs 
5 located near the centre portion. Thus, more closely packed transducers cm be used 
to output the higji frequencies without increasing the extent of The tuny and thus the 
directivity of the bcttn. The large law iteqatmcy area is covered by less closely 
packed transducers whereas the cental high frequency area Jws a more tightly packed 
area, optimising coat and performance at all frequencies. In Figure 1 7, the squares 
1 0 " merely show the presence of a transducer and tiot the shape or the type of signal 
output, as in figure 16. 

EEUiAsg&gLgf tbvg toYCTiiwi 

«5 Figure 1 i shows a transducer having a length L longer then its widUi W. This 

transducer can advantageously be used in on array of like transducers as shown in 
Figure 1 9. Here, the transducers 3701 are positioned next to one another in a line 
such that the line extends in the perpendicular direction to the longest side of each 
transducer. This arrangement provides u sound field which can be directed well in 

20 the horizontal plane and which, thanks to the elongated shape of each transducer, baa 
most of its energy in the horiiumtti! plane There is very little sound energy directed 
to other planes resulting in good efficiency of operation. Thus, the fifth asped 
pre video a 1 -dimensional array roads of elongated transducers which gives tight 
directivity in one direction (thanks to the etonffiled shape) and controllable- 

25 directivity in the other (thanks to the army nature). The aspect ratio of each 
transducer is preferably at least 23, more preferably 3: 1 and more preferably chll 
5:1. The etongato nature of each transducer causes the eiToct of sound being 
concentrated in a piano whereas the array of transducers in a line gives good 
directivity within the plane. This array may be used as the array in any o: Ihc other 

30 aspects of the invention. 
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The sixth aspect uf *he invention relates to the use of a DPAA system tu 
create a sumwnd found or stereo effect using only a sings sound enrtring apparatus 

5 similar to the app;iratus described abovo. Particularly, the sixth ajptvt of lite 
invention relates ie directing different citawiels of sound in rtiflereril directions so 
thai the suBcd'va'oes impinge on a reflective or resonant surface ar.d arc re- 
transmitted thereby. 

This sixth aspect of the invcalion oddrcssc* the problem that where the 

]0 'DPAA is operated outdoors (or;ay other place havjrg subsfcinli ally anecioic 
conditions) tto observer needs 10 move close to those regions in which sound has ' 
been focussed in order to easily perceive the separate sound fields. It is otherwise 
difficult for %t observer to locate th© separate sound fields which, have been creeled. 
If an acoustic reflecting surface, or alternatively an acoustically resonant body 

15 v-bjeh rc-radiatcs absorbed incident sound energy, is placed in the path of a sound 
hewn, it re-radiates the sound, and so effectively becomes a new sound source, 
tcraoto from the DPAA, and located at a region deiensioed by the foeussbg used (if 
any). If a plane reflector is used then the reflected sound is predotttinanUy directed in 
a specific direction; if a diffuse reflector is present tbsa tho sound is re-radiated more 

20 or less in all directions away &om toe rc (lector on the same side of the reflector as 
the sound is incident final the DPAA. Thus, if a number of distinct sound signals 
raprescnteuvc of distinct input signals are directed towards distinct regions by the 
DPAA In the manner described, and w5ihia each region is placed such a reflector or 
resonator so as to redirect the sound rrom each region, then a true multiple acparaled- 

25 source sound radiator system may be constructed using a single DPAA of toe desi gn 
described herein. 

Figure 20 illustrati* the use of a single DPAA and multiple refledms «r 
resonating surfaces (2102) u> present multiple sources to listeners (21 03). As it dtxa 
not Tcly oc psycho acetic cues, the surround sound cScct is audible throttghom the 
30 listening area. 
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Tbc sound bwn-j may be tuubcuascd, ru described above with reference to 
Figures 7 A or 7B, or focusstd, as described above with reference 10 Fiyur* 7C. The 
focus position can he clrccn to be cither to front of, at, or behind the respective 
reflector/resonator to achieve the desired effect. Figure 2 J schematically shows the 
5 eflect achieved when a sound beam is focussed in from o f sod behind o reflector 
rtspcctivcly. The PPAA (3301) is operable tc direct sound towards the reflectors 
(3302 it 3303) jet up in a room (3306). 

la the cast when a sound beam is focussed in £ruut of a reflector (3302) at a 
point T I (Sec Figure 2 1), *i»c bcairjnanrjws at Ibe focus point and spreads out 

10 * thcresf.ee. The beam continues to spread after reflection from reflector and a listener 
at position P I will hear the sown). Dec to the reflection, the user will perceive the 
sound as emanating from the ghost focal point FT. Thus the listener at PI will 
perceive the sound as emanating from outside the room (3304). Further, the beam 
obtained is quite brood so thai a large proportion of listeners in the bottom half of tlie 

1 5 room (5304) will box the sound. 

In the case when a sound bemn is foeussed behind a reflector (3303) at a point 
F2 (See Figure- 21 ), the beam it reflected before it has fully narrowed to tbe focus 
point. After reflection, the beam spreads out and a listener at position P2 will bo ablo 
hear the soimd. Due to the reflection, the user will perceive the sound as emanating 

20 from the reflected focal point 11 in front of tbe refjecfur. Thns the listener at P! will 
perceive the sound as emanating from clow by. Further, the beam obtained is quite 
narrow ao (hat it is possible to direct sound tc a smaller proportion of tho listeners in 
the room. Thus, ii can bo advantageous for die above reasons to focus the beams at 
positions other than the roflectoi/rescmator. 

25 Where the I5PAA is operated in the manner previously described with 

multiple separated beams * ie. with round signals representative of distinct input 
b-fgnafc directed io distinct end scpsnded regions - in ooo-iUKchoic conditions (suoh 
as in e normal room environment) wherein there aremuhiple hard and/ar 
predominantly aooad reflxtiDS boundary surfaces, and in particular where those 

30 regions are directed ar one or more of (he reflecting boundary surface*, teen using 
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only bis normal diiecaoaal sound perceptions an observer is easily able to perceive 
the separate sound fields, and simultaneously locate each of Ihcm in space ar thoir 
respective separate .focal regions (if there is one), due to the reflected sounds (Horn 
the boundaries) reaching the observer from those regions. 

5 It is ucpurtanl tu emphasise that in such a case tfco observer pcrocrcts! real 

separated sound fields which in no way rely on the DPAA mtjoducmg artificial 
jxiyvho-ecoustic elejnenis taw th* sound agnate. Thus, The position of the observer is 
relatively uniinponunt fnx true sound location, so long ax he is sufficiently Ear from 
the near-field radiation orOw DPAA. In this meaner, roulti-chnnnel "surround- 

1 0 'sound" can be achieved with only one physical loudspeaker (the DPAA), making use 
of the natural boundaries found in most jcal environments. 

Where similar effects arc lo be produced in an environment tacking 
appropriate natural reflecting boundaries, similar separated muhi- scarce sound fiejds 
can be achieved by the suiiablc placement of artificial refltcting or retonUing 

15 surfrces where it u desired ihat a eound source should seem to originate, and then 
directing beams el those surface*. Tor example, in a large concert hall or outside 
environment opiically-traaspareajt pjajtfc or glass panels could be placed and used as 
sound reflectors widi litUe visual impact. Where wide dispersion of the sound from 
Those regions is desired, a sound scattering reflector or broadband resonator could be 

20 introdveo! instead (this wouid be more difficult but no: bnpossihle to make optic* fly 
tnmsppjcnl). 

A spherical reflector can be used to achieve di Suae reflection over a wide 
angle. To further enhanca fho diffuse reflection effect, the surfaces ahmild have a 
roughness on the scale of the wavelength o: sound rreqnency ii is desired to diffuse. 
25 The great advantage of this aspect of the present indention is thai all of the 

above may be achieved with a single DPAA apparatus, the output signals for each 
transducer being be ill up from sWroation* of delayed replicas of input signals. 
Thus, much wiring and apparatus traditionally associated wtdr surround sound 
systems is dispensed with. 
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Ssvaith Aspect of ths Invention 

The seventh aspect of the invention addresses U»e problem that a u» of the 
DPAA system iray tvot always be easily able to locale where sound of a particular 
5 channel :s being directed or focussed 2t any purticatw time. Conversely, the usei 
may wani to direct or focus sound at a portxsubr position in space which require* a 
complex calculation as to the correct delays to apply etc This problem is alleviated 
by providing o video camera mean* which can be ca;isod to point in a particular 
direction. Means connected tc the video camera can then be used to caJsu^te which 
10 ' direction die camera is pointing in and adjust fts delays accordingly. 

Advantageously, the camera is nrvlcr the direct control of the operator (5>r example 
on a tripod or using a joystick) and tbc DPAA controller is arranged to cause sound 
channel directing to occur wherever tbc operator causes the camera to poiat This 
provides a very easy to set up system which does not rely on creating mathematical 
1 5 models ofthe room or other complex calculations. 

Advantageously, means may he provided to detect where in the room the 
camera u focussed. 'Ihen, the sound beams can be focussed on tbc same Jpot. This 
cafcea selling up a system very simple since markers can be placed in a worn where 
sound is dowred to be focussed and then a camera lens can be focussed oo those 
20 TuarVtw by an operator looking at a television luoniutr. The system can then 

automatically set up Ihc sttfwxe to calculate tfx concw delays for focussing sound 
to that spot AJternarivery, reference points ia !he room can be jdentiUed to select 
sound focussing. For example, a simple modal of the room can be prc-programoicd 
so that an operator caaseieei objects in the field of view of (be camera so dctcrrcin* 
25 the focussing distsnco. In bom the case >vhec the camera focus distance is used and 
when l room model is u*ed, it is advantageous to employ a coordinate transform 
from camera (pan, lilt, distance) or room (x,y,z) in speaxcr (rotation, elevation, 
dtsiartce), where the two coordinate systems have different origins. 

In the reverse mode of operation, tbe> camera maybe steered antomaiicaUy by 
3 0 the DPAA electrt-aics «uch that i 1 po rats toward tiw direction m which a bosun is 



(77) 



JP 2004-531125 A 2004.10.7 



re- 
currently being steorcd, wilh on automatic focussing on tire point where sound 
rbcuwijig occurs, if at all. This provides a great deai of useful set-up feedback 
iufwmalion to the operator. 

Means lo srieel which channel settings are controlled by the camera position 
5 should also be provide*! end these may all be controlled from the handset. 

Tigurt 27 illustrate in ride view tha use of a video camera (3G02) pwitioucd 
on a DPAA (J601) to point at the same point in which sound is (bcussoi The camera 
cm be stecrable using a servo motor (36C3). AiternaTively, Che camtra tan be 
mounted on a separate tripod or be hsmd held or be part of en extant CCIV system. 
10 * For CCTV applications, where & plurality of cameras arc used to cover an 
ana, a single array <an be used lo direct sound to any position in the urea which one 
olthe cameras h pointing at. Thus, an operator can direct sound (such as voice 
co remands or mstruetieos) to ■ specific point in the area/room by selecting a camera 
pointing at that point usd spo&tirg into a microphone. 



There may be provided means to adjust the radiation pAtlerc and focussing 
points of signals related to each input, in response lo the value of the programme 
20 digital signals at those i D puts - such ao approach may be used to exaggerate stereo 
signals and sunuunO-sound c/lcctj, by moving the focussing point of those signals 
momentarily outwards when there is a loud sound to be reproduced from that input 
only. Thus, the steering can be achieved, in accordance with the actual input signal 
itself 

25 In general, when the fetus points are moved, it is necessary lo change the 

delays applied to each replica which involves duplicating or skipping samples as 
iqjpropriale. Thb is preferably done gradually so as to avoid orry eudiblo clicks 
which may occur if a large number of samples arc skipped at ortea for example. 
Practical applications of this invention's technology inchtde the following: 

30 for Iwme « wsimneot, tte ability to project multiple real sources o f sound 
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to different positions in a Tistcoing room allows the reproduction of multi-channel 
surround sound without the clutter, complexity and wiring problems of mubiple 
scpamlod wired loudspeakers; 

for public Address and concert sound systems, the ability 10 tail or the 
J radiation pattern of the DPAA in three dimensions, and with multiple simultaneous 
beams allows: 

much faster act-up as the physical oaemrrikm of the DPAA is not very critical 
and need cot be repeatedly adjusted; 

smaller loudspeaker inventory as one type of speaker (a DPAA) can achieve a 
10 ' wide variety o r rani ad on patterns which would typically each require dedicated 
speak to with appropriate hormr, 

twUcr intelligibility, « it ia possible lo reduce the sound energy rrncbbg 
reflecting surfaces, hence reducing domiianl echoes, simply by the adjustment of 
filter and delay Cocffieuaits, and 
IS better control of unwanted acous tic feedback as the DPAA radiation pattern 

can be designed to reduce the energy reaching live microphones connected to the 
DPAA input: 

for crowd-control and miliary activities, the ability to generate i very intense 
sound field in a distant region, which field is easily and quickly repositionable, by 

20 focus&log and steering of the DPAA beams (without hiving physically to move bo'Jey 
loudspeakers and'or horns) aiu! which is easily directed onto the target by means of 
tracking light sources, and provides u powerful acoustic weapon which is nonetheless 
noninvasive; if a large amy is used, or a group of coordinated separate DPAA 
panels possibly widely spaced, then the sound field can be made much more intense 

25 in the focal region than n=ar Ihe DPAA SETs (even et the lower end of the Audio 
Band rf the overall array dimensions are sufficiently large). 

Any of the pjevioitfly described aspects may be combined together in a 
practical device to provide ibcaiated advantage*. 



30 



(79) 



JP 2004-531125 A 2004.10.7 



-35- 

There now f o;lowt a description of a preferred embodiment of the first aspect 
ofthe piesominwnlloii, which, at will become apparent, utilises also loo techniques 
5 of the other above-clcscribed aspects. 

Referring to figure 23 : o digital sound projector 10 comprises be array cf 
transducers or loudspeaker* LI that is controlled auch that audio input signals are 
emitted os a beam of «nmd 12-1, 1 2-2 that can b: directed into an - within lhaite - 
arbitrary direction wiihin the half-space in from of ihe array. By nicking use of 
10 ' carefully chosen reflection paste, a lister 13 will perceive a sound beam emitted by 
the array as if originating from the location of its last reflection. 

In Figure 23 . two sound beams 1 2-1 and 1 2-2 we shown. The fus: bearo. 124 
is directed oolo ft ride-wall 161 thai may be part of a room and reflected directly onto 
the listener i 3. The H<cnzr perceives this beam as originating from reflection spot 
15 17, tb»5 from the rishi •the second beam 12-2, indicated by dashed lines, undergo:* 
rwo reflections before reaching the listener 1 3. However, as Qw last reflection 
happens in a rear comer, the listener will perceive the sonnd as if emitted from a 
source behind him or her. 

Wrote! there are many uses to wiiich n digital sound projector could be pat, it 
20 b particularly advantageous in replacing conventional swrotrod-sound systems 
employing several separate loudspeakers placed at different locations around a 
fooler's position. The digital sound projector, by generating beams for each channel 
of the «jrrouDd-»nad audio signal, and steering rho beams into the appropriate 
directions, crala a rrae sornnmd-souod at the listener position without further 
25 loudspeakers or additional wiring. 

In Figures 24 to 26, there are shown components of a digitd sound projector 
system in &rm of block diagram.' A! *e input, common-format audio source 
material in PuUc Code Modulalcd (PCM) form ta received from devices such as 
compact disks (CDs), digital video disks (DVDs) etc. by d»c digital so wad projector 
30 as either an optical or coaxial digital data stream m the S/PDfJ format. But other 
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inpui digital data formats can be also used. This inpul data may contain alter & 
simple two channel stereo pair, or a compressed and eacoded ruuln-chtmucl 
soundtrack such as Doiby Digitai" s 5.1 or DTS W . or multiple discrete digital channels 
of audio irdonuatinn. 

5 Encoded and/or cctnprasKed rouiti-rfmonet inputs are fust decoded and/or 

decompresssd in a decoder using rat deviets and licensed Errnr/are available for 
standard audio and video formats. An analogue to digital converter (nor shown) is 
also incorporated to allow connection (AUX) to analogue input sources which x« 
imroPthaJcly converted to a suitably sampled digital format. The resultant output 

10 comprise* typically 'Juoe, four ut more psirt of channel*. In lb* field of surround- 
souad. these channels arc often referred to left, right, centre, surround (rear) Jefl and 
surround (rear) right channels. Other channel may be present in the signal such as the 
low frequency effect channel (I.FE)- 

Those channels or channel pairs ere each fed into a two-chauncl straple-ratc* 

15 converter (SRC} (alternatively each channel con be passed through a single channel 
SRC) for Tc-syiKhrorasatinn and rc-«mpUng to an Internal (or optionally, externa?) 
standard sample -rote clock [SSCj (iypicalJy about 48'aKJlz or 97.6TCHi) and bit- 
length (typically 24 bit). aHov»kS the mtemai systitu elects to bo independent of the 
source data-clock. This sample rate conversion eliminates problems due ro clock 

2D speed inaccuracy, clock dri n, and clock incompatibility. Specifically, if the final 
poreroclpul stage?* of the digital *onnd projector arc to be digital pulse-widlh- 
modulation fPWMJ switched types for high efficiency, it is desirable to have a 
complete sjiichrc^isalion between the PWM-clock and the digital data-clock feeding 
the P\VM modulate™. The SRCs provide this synchrorjeation. as well as isolation 

25 from the vagaries of any external data docks. 

Finally, where two or more of the digital input channels have differont dcta- 
clockt (perhaps because they come torn separate digital irncrophone systems e.g.), 
dien again the SRCs ensure that internally all disparate signals are synchronised. 
The outputs of the SRCs are converted to 8 channels of 24btt words ai an 

30 imernally generated sample rato of 4a.SKJte, 
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One or more (typically Ho or ttute) digital sigoial processor [DSP) tunia sto 
used to process the data These may be e.g. Texas lnslrjmeota 1MS32QC6701 DSPs 
running at 133MH*, and the DSPs eimer perform the majority of caJculiliotis in 
floating-point format fur ease of coding, ot io faed-pcrol formal for maximum 

5 processiug speed. Alternatively, especially where r3i*d-point calculation! ere being 
performed, the digits rienal procetsir^ can be carried out in one or rau-e Field 
Programmable Oats Array |FPGA) units. A further a]Un:a!ivc U e mixture of DSPs 
and FPGAs. Some or all of the signal processing may alternatively be implemented 
with cujonnuscd silicon in tbc form of ait Application Specific Integrated Circuit 

10 HASIQ. 

A DSP stage perform* filtering of the digital audio data input signals for 
enhanced frequency response equalisation to compensate for the irreguUritie* in the 
frequcitcy response g.o. tmesfar function) of the aconsb'c outpuMransthJcers used in 
the final stage of ?he digital sound projector. 

1 5 The number of saparateiy pjioccsscd channels cay optional ly . at this stage 

(preferably; or possibly at aa earlier or later stage of processing, be reduced by 
combining odditivcLy the (one or more) low-ftcqucncy-eftects ILFE] chcaoel with 
one or more of the athor channels, for example the centre channel, in orccr to 
minimise me processing lxjyond this niage. However, if a separate sub-woo fer is tn 

20 be used wilh the system or if processing power is not an issue, then (be more discrete 
channels may be maintained throughout the processing chain. 

The DSP stage also performs anti-alias and lone control Altering on all eight 
channels, nod * eight- rimes over-sanmlmg and inlerpoJulion to an overall eight-braes 
over sampled data rare, creating 8 channels nf 24-bi; word output samples at 390 

25 KHz. Signal limiting and digital vohirao-enniroi Is perfrnmed in this DSP too. 

An ARM microprocesiot generates timing delay data for each and every 
transducer, fore real-time beam-steering senSngs sent by the iwcr to the tfigital sound 
projector via inmord remote control. (Hvec Oral the digital sound projector is able to 
independently slew each of the oulpoi channels (one steered output channel for each 

30 mpul charmd, typically 4 to 6), thnre are a large nsrar^ of separate delay 
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coniyulAtiottS lo be performed; this number is equal to the number of ou;?*il channels 
limes the number of transducers. As the digital sound projector is also able io 
dynamically «ccr each beam ic real-time, than (be compoUition* also cord to be 
performed qiuckly. Once computed, the delay retirements are cUshibctcd to the 
5 FPGAs (where the delays are Bctually applied to ench of the streams cf digital data 
samples) over Iho same parallel bus as the digital data samples themselves. 

Tfcc ARM cow nho handles oil system initialisation and external 
communications. 

The signal stream enters Xiibx fieid raogriurjriablc gate array logic that 

10 -control high-speed static buffer RAM device* to produce the required delays applied 
to the digital audio data samples of each of the eight channels, with a di.«cretcTy 
delayed version of each channel being produced for each and every one of the output 
transducers (256 in Ihis implementation). 

Apodisation, or array apertare wirdowins (i .e. graded weighting factors arc 

15 appl ied to the signals for each transducer, as o function of each transducer's distance 
from the centre of the array, to control beam shape) is applied separately « the 
HPGA to cftth channel'* delayed aignal vxrsiow. Applying apodisation here- allows 
different output sound beams to have differently tailored beam-shapes. These 
separately delayed and scparolely winnowed digital sample streams, oca for each of 3 

20 channels and for each of 2 56 transducers making 8 x 256 » 20*8 delayed versions in 
total, are (hen sumined in the FPGA for each transducer to create an individual 
390Uii 24-bit iagnul for iachoftho 256 transducer fcicmeots. The apodisation or 
array aperture windowing, may optionally be performed after the sarnnung stage for 
ail of the channels at once (ioatead of tor each channel separately, prior to the 

25 sirmrnJng stage) for simplicity, but in this case each sound beam ootpul from the 
digital sound projector will have the same window function which may nor be 
optimal. 

The two hundred and fifty-she signals at 24-bit and 390kHz arc than each 
passed through a qimitizing/noise shaping circuit also in the PTGA to reduce the data 
30 sample word lengths to S hits at 390iHz, whii*t mainuining a high signal-to-noise - 
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ratio iSNR] within the audiblo band (ie. signal frequency bend from -20B?. to 
~20KTfc). 

A usefoJ bnplcmcntfllion practice U to make the SSC be on exact rational 
number friction of ihe DSP nrnicr-proccising^cloclc speed, eg. 100MHz /256 - 

5 390,625 Hz- which lucks sample dais rates throughout the system Ic the processing 
clock?. It is K*vafltageous to make the digital PWM timing dock frequency alio an 
exact rational cumber fraction of the DSP tnastei-procejsing-clock 5pscd.Il i* 
specifically ad*^ntegeous to make the PWM clock frequency an exact intos« 
multiple of the internal digital audio sample data role, eg. 5 1 2 times the sample rate 

10 far 9-bit PWM (bee ause 2* ■» 5 1 2). The reduction of the digital daw word-length to 
8, while simultaneously increajihiR ihe sampfo-ratc is useful ibr several reasons: 

0 The increased sample-rate allows finer resolution of data-word delays; r.jg. 
at 4BKHi dais-fate, the emaUcst delay increment available is \ sample period, 

15 or -2 1 microseconds, whereas at 1 95KHz data-rate, the smallest delay 

inc/craeot available is CI sample period) ~5. 1 microseconds. It is tm portent to 
have MUDd-pauVknsth compensation resolution (~ time-delay resolution 
limes speed- of-aound) fme compared to acoustic output-transducer diameter. 
In 21 rakroscconds sound in air at NT? travels approximately 7mm, which is 

20 too coarse a resolution when using transducers as small as 1 0mm diameter; 

n) It is easier k> oonvert PCM data directly to digital PWM at practical dock 
speods when the word-length is small; eg. 16-bit words at 4£KHa data-rats 
reqirire a PWM clock speed of 65536 x 48jCflz~ 3.1 SQHz {largely 
25 impractical), whereas g-bit words at l95KHz data-rale require a PWM clock 

speed of 256 x 390 KHz - » OOMlfa (quite practical); and 

iii) because of the increased sample rate, there is an focrcasod available signal 
bandwidth en barf the sampie rate, so eg. available signal bandwidth -96KHz 
30 for a sample rate of ~l95KHa; the quantization process (reduction in munbtt 
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ofbits) effectively adds quantisation noise lo the digital dala; by spectrally 
shaping the notss prodnctd by the quantization process, it can ho 
predominantly moved to the frequencies above the baseband signal (i.e. id our 
case abovo ~20KrU), in IUb legion betweou r]jc lop of ihc baseband 
5 (->20KHz and < available sign-J bandwidth - 96K.Hz); the effect is that 

nearly all of tie original signal information is now carried in a digital data 
stream with very little loss in SKR. 

Thc data stream with reduced sample waid width is distributed in 26 serial 

1 0 ' data meows a; 3 1 .25 MV* each and add mood volume data. Each data stream is 
assigned (d one of 26 driver boards. 

The driver circuit boards., as shown in Figure 25, which arc preferably 
physically local to the transducers they drive, provide apulsc-width-n»dulaled class- 
BD oir^iut driver ckcuil for each of the trruBducera they control. In thepjcaent 

1 5 example, each driver bovrds is connected to ten transducers, wbrrcby the transducers 
are dlrecUy connected to the output ofthe elass-SD output driver circuiti wilhou: my 
intervening low-pass- filter (LPl 1 )- 

Each PWM ganc-ator drives a class -D power switch or output stage which 
directiy drives one transducer, or a scrics-or-parolld-cormccied pair of adjacent 

20 transducers. The supply voltage to the class-D power switchw? con bo digitally 
adjusted lo contxol !h© output power level lo the transducers. By controlling Ibis 
strpply voltage over a wide range, eg. I O K the power t» the transducer can be 
controlled over a natch wider range, 100:1 for a 10:1 voltage range, or to general 
for an N:l voltage range. Thus wide-ranging level control (or "volume" control) 

25 can be achieved with no reduction in digital word length, so no degradation of the 
signal due to further quantization (or loss of resolution) occurs. The supply voltago 
viriarioD is performed by low-loss switching regutiton mounted on the wine printed 
circuit boards (PCDs) as the class-D power switches. There is one switching, 
regulator for each class-D switch to trjinianse power supply tine icier-modulation. To 

30 reduce cost, each switching regulator can be used to supply pairs, triplets, quads or 
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other integer multiples of class-D power switches. 

The class-D power switches 01 output stages, directly drive the acoustic 
. output transducers. In normal class-D pw a amplifier drives, i.e. the very commonly 
used so-called "class-AD" amplifiers, it is ooceaary to place an elecuocia low-pass- 
5 filter 1LPPJ (invariably, an analogue electronic LPF) bcrwoca fro cla»-D power 
stege and die transducer. This is because the common forms of magnetic transducer 
(anil even more ao, piezoelectric transducers) present A low JuEd-hnpedauce to the 
bigh-fiorniency PWM carrier &ec,uencies present at high energy in cIms-AD 
amplifier outputs. E.5. a clasa-AD amplifier with zero baseband input fignri 
10 'continues :o produce al its output, a full wnpliturie (usually bipolar) 1 : 1 mark..«?«cs- 
ratio IMSR) output signal ax ta * WM switcbiog frequency (in u* ptecenl c^ this 
would be at -50 or 1 OOMHx), which if connected across a nominal 8 Ohm load 
would dissipate full available power iutlwt load, whilst creating 00 uscfcij acoustic 
output signal. The commo/Uy used elodromc LPF has a cut oil frequency "bove the 
J 5 highest wanted signal output frequency (e.g. > 20KHz) but well below the PWM 
switching frequency ( e.g. -SQMHz), thus effectively blocking the PWM earner and 
mmimuring the wasted power Such LPV* have to transmit the foil signal power to 
the electrical loads (eg. the acoustic transducers) with as low power-loss ax possible; 
usually these LPFs u&o a minimum of two power-inductors tort Iwo, or mure usually, 
20 three capacitors; the lJ'Vs ere buUry end relatively expensive to build. In sirgJc- 
chanwl (or few-cbaausl) amplifiers, such LPFs can be tolerated on cost grounds, and 
most imporundy. in PWM amplrficrs homed separately from their loads (eg. 
conventional buospeakcre) which need to be connected by potentially long leads to 
their loads, such LPFs arc in any case necessary for quite different reasons, viz. to 
25 prevent the high-frequency PWM cairiei getting fcto the connecting lea da where it 
will moat likely cause unwanted stray elcctromcgnettc radiation flEMn of relatively 
high amplitude. . 

In the digital sound projector, the acoustic transducers ate connected directly 
to Uic physically adjacent P WM po*ex switcljes by short leads and all aw housed 
30 within the same cue losurc, eliminating the problems of EMI- In the digital sound 
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projector, the PWM generator? arc of a type known ts class-BD; these produce class- 
BD PWM signals which drive the outpul power switches and thoso in turn drive the 
acoustic output transducers. Class-BD PWM output signals have Iht property that 
thsy retani to zero between the full amplitude bipolar pulse outputs, and thus are 
5 trtstaia. not bistaie like class- AD signals. Thai, when the digital input signal to t 
class-BD PWM syTxm is 7.cro. then the clasi-BD powvrr output state is zero, and not 
a fl»U-power bipolar 1:1 MSR signal as is produced by clau-AD PWM. Tims rhc 
class-BD PWM power switch delivers zero power lo lha load (the acoustic 
transducer) in this state: no J.PF is required us there is no full-power PWM carrier 
3 0 ' signal to block. Thus in Ihs digital sound projector, by using an array of class-BD 
PWM umpUCm to drive directly an integral array of transducer*, a great saving in 
cost, and lost power, is achieved, by elbniuatjcg the need for on army of power LFTs. 
Class-BD is larcly used in conventional audio amplifiers, firsrly because U is more 
difficult to make a very high linearity class-BD amplifier, than a similarly luieai 
\3 class-AD amplifier, and secondly because for the reasons staled above an LPF is 
generally required wnyway, for EMI cousiueralions, tlnia negalir-g the principal 
benefits of eises-BD. 

The acoustic ouipot transducer thcruscrvca arc very effective? ckcttoacoustio 
LPFs led so an absolute minirouni of PWM carrier from the class-BD PWM stages is 
20 cmrUcd as acoustic onetgy. Thus in die digital sound projector, digital army 

loudspeaker, the combination of class-BD PWM with diroct coupling to in-the-saina- 
box acourjc transducers and without electronic LPFs, is a very effeetiv* and cost 
effective solution to high-efficiency, high-power, multiple transducer driving, 
mhennorc, since the sound of arty one (or more) outpul channels corresponding in 
25 one of the input channels, heard by aHsteocr to the digital sound projector, if a 

•arxrtrrwliim of sounds from each and every one of the acoustic output tretisduceu ond 
thes related to a summation of the outputs Bran each of the power -amplifier stages 
driving those trajisdccers, non-sys'tcmeiic errors in the outputs of the power switches 
and trioscueccs will tend to average to zero and be minimally audible. Thus an 
30 advantage of the anay loudspeaker cons tructod us doscribed it that it is more 
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forgiving of the quality of iodmducl coniponcnis, dwn in a conventionai nun-array 
audio system. 

bi a particular implencnimion of the digital sound projector with 254 
acoustic oiupm bmsduccrs arranged in * triangular array of roughly rectangular 

5 client with one axis of the array vertical (and of eatenl 7 rotical columns of 20 
trtjosduccrs each sopar&cd by 6 column of 1 9 transdcecnO and \vitb every second 
output transducer in each vertical column of transducers connected electrically in 
sorics or in parallel with tho u-atisducer immediately below it, this results to one 
hundred and thirty two (132) ditferent versions of each of the channels, the number 

10 orchaoncls being five in 0»U examplciA, six bundrcd and sixty channels in total A 
transducer diameter small enough to ensure approximately ^unidirectional radiation 
from flie transducer up lo high audio frequencies (eg. > J2KB2 to i 5XH7) is 
important if the digital wmd projector is to be able to steer beams of sound at small 
angle* from the plane o: the transducer array. Thus a transduce* diameter of between 

1 5 5mm and 3flmn: is optimum for whole audio-band coverajjo. A traosduccr-lo* 

transducer spacing sraafi coinpared with the shortest wavelengths of sound to emitted 
by the digital sound projector is desirable to minimise the generation of "spurious" 
sidejobes of acotauc radiation (i.e. beams of acoustic energy produced inadvertenrty 
and not emitted m the desired directions)). Practical cormderatienj on possible 

20 transducer rixe dictate thai transducer spacing In the range 5inm to 45mm is best A 
triangular array layout is also best for high-areal -packing density of Iransuucera in 
the array. 

As illustrated by Figure 20, the digital sound projector user-inter face 
produces overlay graphics for on-screen display of setup, status and control 

25 mfonnaticn, on any sritihly connected video display, e.g. a plasms screen. To this 
end the video signal from any connected audio- visual source <e.e,. a DVD player) 
niay be looped through *e digital sound projector en route lo tho display screen 
•where tie digital sound projector status ami command rnftnnation is then also 
overlaycd oo the programme vjdw. Jftho process delay of therigna) processing 

30 operations from end to end of the digital sound projector are sufficiently long, (eg. 
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when 3» length of the compensation filler nouiing on ihe firai two DSPs which 
depends on the transducer linearity art the equalisation required, it long) lhcn to 
avoid lip-sync probjccis, no optional video fiame stare can be incorporated m the 
loop-through video path, to rc-synchronise the dis-pkyed video wilh the output 
5 sound. 
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1 . A method of creating * sound field comprising 3 plurality of channels 
of sound ueiog an array of output transducers, said method comprising; 

5 lor each channel, se!«cting a first delay value in wpeu? of each ovipm 

transducer, said first delay value being chosen in accordance with the position in the 
array of the respective transducer; 

selecting a sccocd delay value for ccch channel, said second delay value 
being chosen in accordance with the expected travelling distance of sound waves of 
10 ' that channel from said array to a listener, 

oblaining, ai respect of each output transducer, a delayed replica of a tignal 
representing each channel, coch delayed, replica being delayed by a value having a 
first component comprising said erst delay vaine and a second component 
comprising said second delay value. 

15 

2. A method according to claim 1 ct 2, wherein said sctcod delay is 
applied lo each signal representing sscd channel berore said signal is replicated; each 
replica then being delayed by the respective Erst delay value. 

20 3 . A ratlwd according to claim 1 or 2, wherein said first delay varus j» 

elsn chosen in accordance with a given direction so that each channel of sound is 
directed in respective direction. 

4. A method according to claim 3, wherein each channel is directed in a 
25 diflo-crtrcspoctivs direction. 

5 A mcdiod according lo any one of the preceding claims, wherein Attic I 
second delay value is chosen such dial corresponding parts of all sound channels 
reach the listeucral substantially the same time. 

30 
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6. Apparatus fur creating a sound Geld comprising: 

a plurality of inputs for 8 plurality of respective signals rcprcsentirg different 
sound, channels; 

an amy of output transducers: 
5 replication means arranged lo obtain, in respect of each output transducer, a 

replica of each rcspectivo input rigrinl; 

firit delay menu arranged to doloy etch replica of each signal by a respective 
first delay value chosen in accordance -with the position in the amy of the respective 
output transducer, 

10 " secorid delay meaasarnoged to lielay each replica of each signal by * second 
delay veJue chosen for each duraict in accordance with the expected travelling 
distance of sound w aves of that channel from Die array to a listener. 

7. Apparatus according in claim 6. wherein airid second delay means is 
1 S arranged to delay said input signals before they are replicated by said xepli cation 

mesas. 

g. Apparatus according to claim 6 or 7, wherein said first deky value re 
al.*o chosen ir. occordanoe with a yiveu direction so that each channel of sound is 
20 directed ir. said respective direction. 

9. App;i/ahis according to claim 8, wherein cadi channel u directed in a 
dilrerent direction. 

25 10. Appcratos according to any one- of claims 6 to 9, wherein said second 

delay meats is arranged to choose said second delay for each channel such that all 
sound channels mch a b'stenu a: substantially the seme time- 

II. A method of creating B sound field comprising a centre channel end at 
3 0 lease one surround sound channel using an array of output transducers to direct the at 
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leasl one surround aouud channel in a pi odetctToined duection, fad method 
comprising: 

for the at Icatt one swnound sound channel, Meeting a fiitf delay value in 
respect ofuAch r-utpul miudueer, said first delay values being chosen in accordance 
5 with the position to th» array of the re spectiw !r*r\*SW<r to »s to direct toe chancel 
in raid predetermined direction; 

selecting a second delay value for tbd centre chasmet, said second delay value 
being chosen m accordance with the expected travelling distance of sound waves of 
the channels froia the array to ibe listener 
1 D ' obtaining, in respect of each output transducer, o delayed replica of a signal 

representing the at least one surround sound channel eadi dvlaycd replica being 
delayed by the first delay vafcw calculated for that output transducer and that channel; 

obtaining, in respect of each output transitu cw, a delayed replica of n signal 
representing Ac centre channel, each delayed replica being delayed by said second 
IS delay value; 

outputling said delayed replicas using said array of output transducers. 

12. A method according to claim 1 1, further comprising: 
foj the centre channel, steering a first delay value in respect of each output 
20 transducer, said first delay vahies being chosen in accordance with the position in iho 

array of the respective transducer so as to direct the centre channel in a 

predetermined direction; 

nod wherein said step of obtaining, in respect of each output transducer, a 

delayed repHca of a, signal representing the centre channel further comprises: 
25 delaying each lepUce of the signal representing said centre channel by die 

first delay value calculated for the respective output transducer and the centre 

channel. 



30 



13. A method according to claim 1 1, wherein rep! ices of the signal 
representing said centre channel are not delayed by values other (hen said second 
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delay value, said scumd delay values being fce stow for each replica of ib« signal. 

I 4. A meUxxJ eoccrriing to any one claims 21 to 1 3, father comprising; 

for the ai least one surround sound chnnucL selecting t second cfclay vsruc in 
5 i espcct of cotb output h ansdjcer, sold second dc lay v iluc being cbvsea id 
accordance with lbe expected tri veiling distance of sound waves of the channel* 
from tho array tn the listener; 

and wherein said step of obtaining, in respect of each outpul transducer, a 
delayed replica or a signal representing the at least one surround sound channel 
10 ' further comprises; 

dciaying each replica of the eijpaj representing said at least one surround 
iormd channel by the second delay value calculated for the respective output 
tranEducsr and the d Jeaat one surround sound channel. 

15 lj. A method according to any one of cliims U to 14. wherchsaid • 

second delay is applied to each signal rep/esenfing said centre channel before said 
signal is replicated. 

56. A method according to any one of claims 11 to 15, wherein said sowid 
20 field comprises two surround sound dmrnch, each surround sound channel being 
directed in a differorj direction, 

17. A method according to any one of claims 11 to 16, wherein said 
second delay value is chosen such the: corresponding parts ofaH sound channels 

25 reach the listener at inibatantialry the same time. 

18. A method according to any one of clams II to 17, wherein said 
delayed repbeaa of the sigual representing the at least one surround sound chancel 
are added to respective delayed replica* of the signal reprtsemicg the centre chaurwl 

30 before bang outpul by the respective outpul transducers. 
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19. A method according io any ous of clti ras 1 Ho 1 S, wherein the sound 
waves ol' said at least one surround *ound channel are bounced off a surface such as a 
wall before reaching the lister.er. 

5 20. Apparatus for creating a sound field comprising: 

means for receiving a plurality of input signals rcpres oaring ai Iccst one 
surround sound channel and e centre channel; 
an array of output transducers; 

replication means arranged to obtain, in respect of each output transducer, a 
10 " replica of eaid signal repr«ex!ing said at least one surround sound channel and a 
replica of said signal Tcpiescnting a centre channel; 

first delay means arranged to delay each tephca of sai d signal representing 
uaid at least one surround sound cbcnseJ by a respective first delay value chosen m 
accordance with the position in the array of the rttpecUve transducer so as to direct 
1 5 the channel in a r^de lerrnined direction; 

second delay mew* tfrmged to d«day each replica of mid signal representing 
said centre channel by a second delay value chosen in accordance with die expected 
travelling distance of actual waves of the channels from the array to a listener. 

20 21 . Apparatus according to clahn 20. wherein said fust delay means i d 

also arranged to del ay each replica of said signal representing said csntre channel by 
a respective first delay value chosen m accordance with the position to the array of 
Uic respective transducer so as to direct the centre channel in a predetermined 
direction. 

25 

22. Appmana according to claim 20 or 21 , wherein said second delay 
means is tdno vrengcdto delay each T^liaa of said signal representing «iid at least 
one surround sound channel by a respective second delay valuo choten in accordance 
with the expected travelling distance of sound waves of the channels from the array 
30 to ±s listener. 
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23. Apparatus according to any one of clciins 20 to 22, wherein said 
second delay means is arranged lo delay said input signals before they are replicated 
by said leplicaliofl jueans. 

5 24 . Apparatus according to airy c nc o f claims 20 to 23 , wtrcieio said 

sound neld comprises two snrrourd sound channels, and said first delay means is 
nrrangaJ to corse eocb surround sound obennol lo be directed in a iliilcreni direction. 

25. Apparatus according to any one of claims 20 to 24, wherein said 

1 0 ' second delay means is arranged lo choose slid second delay for the channels such 
thai all sound cuamiclB reach a listener at substantially the same tine. 

26. Apparatus actorJing to aoy ono of claims 20 to 25, whercic said first 
delay means and snid second delay means are tlte same physical means. 

15 

27. A method according to any one of claims 1 1 to 19 or an apparatus 
aceoniing lo any one of claims 20 to 26, wherein said output trarBdncets arc ducedy 
driver by elass-llD J»WM arnpUfiera. 

20 28 . A method of providing temporal correspondence between pictures and 

sound in an audio-visual presentation caing an array of output iiansducers to 
reproduce the sound conlcnl cMnprising a plurality of channels, said medtod 
comprising: 

delaying, in respect of each oulpol transducer, a replica of each signal 
25 representing a sound channel by a respective audio delay value; 

delaying a video signai by t video delay value calculated so corresponding 
video pictures ire displayed at substantially the tims (he temporally corresponding 
sound channels reach the lit-tericr. y 



30 



29. A inclhcd according to claim 25, v/herein each audio delay valns is 
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calculated m accordance with the position in flic anuy of the respective transducer. 

30. A method according to cl aim 29, wrier ein each audio dcliy value is 
also calculated in accordance with tbo expected traveling distance of sound Wav«s of 

5 ttml channel from said array to a listener. 

31. A nxthod according to claim 30, wherein each audio delay value is 
calculated such thai temporally conespoucinR parts of each Mwrod channel reach the 
lislentsr al substantially the sam= lime. 

10 

32. A method sceonting to any one of claims 28 to 3 1, wherein said virleo 
dulay value is calculated so as to hirvo a component equal to the time taksa for the 
sound enamel having the greatest disiance to travel between said amy and said 
listener to uavel between said array cud *akJ listener. 

15 

33. Apparatus to provide temporal correspondence between pictarcs and a 
plurality of sound channels in an audio-vjoal presentation comprising: 

an array of output transducers; 

replication and delay means arranged to obtain, io respect of each output 
20 transducer, a delayod replies of each wgn&! representing a sound channel; 

video delay means arranged to delay a corresponding video signal by a video 
delay value calculated so corresponding video pictures are displayed at substantially 
the ibio the temporally corresponding sound channels roach tbo listener. 

25 34, Apparatus according to chic 33, wherein soid replication and delay 

means is arranged so that etch audio delay value is calculated m accordance with the 
position in tbo army of Ihe respective transducer. 



35. Apparatus according to claim 34, wherein said iq>heation ai>d delay 
30 means i* arranged ao that each audio delay vaK*e is also calculattd in accordance 
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wilh the expected tnivellinsi distance of sound wavw oTtlittt channel from said array 
to a listener. 

3 6. Apparatus according to c lain: 35, wherein said replication and delay 
5 means is arranged so thri each audio delay vahc U calculated such tlval temporally 
corresponding parts of each eound channel reach ihe listener at substantially the come 
lime 

37. Apparatus according to claims 33 to 36, wherein mid video delay 

10 ' means is arranged so tha said video delay value is calculated sc as to bo equal to Ihe 
time taken for the sound channel having the greatest distance to travel betwrsen sard 
array and said listener to travel befworn said artsy and said listener. 

38. A method of creating a sound field comprising a plurality of channels 
15 of aonnd using an array of output transducers, said method comprising: 

for each channel, obtaining, in respect of each output transducer, * replica of a 
signal representing said channel so as to obtain a set of replica signals for each 
channel; 

applying a first window function to a first set of replica signals originating 
20 from a ftst sound channel signal; 

applying a second, different, window ftmctwn to a second set of replica 
sigoaJs crisjiJBUng finui a second sound chawtel signal. 

39. A method according to claim 3 8, wherein applying a window function 
25 comprises: 

attenuating or amplifying each replica signal sect that replica signals destined 
for output transducers near tho centre of the array are attenuated less or auplifiod 
more than replicB signals fiwrmed for output transducers near the edges or the array, 
tho amount of attenuation or amplification being determined by swd window 
30 function 
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40. A mclbod according to claim 38 or 39, wherein the window function 
used is selected in accordance with how the respective sound channel is output by flic 
array. 

5 41. A method according to any on* oi' claims 3* to 40. wherein the 

window function used is selected ro accordance with a required beam type Tor tbal 
channel. 

42. A method acceding to any one of daims 38 jo * 1 , whert iu the 
10 " window fimcUon wed has a sbupc a Iterate as a function of a volume control. 

43. Apparatus to create a sound field comprising a plurality of channels of 
sound, comprising: 

an array of output transduccre; 
1 5 replication means tot providing, in resp wa of each output transducer, a replica 

of a signal representing each of aaid plurality of channel*; 

windowing tataix for applying a first window function to a first set of replica 
signals originating from a first sound chtmne*. signal and for applying a second, 
di rferent, wbdow function to a second «1 of replica signals origipaling from a 
20 second channel signal. 

44. Apparatus according to claim 43, wherein said windowing means hi 
wronged lo ait? mrate or atnpbfy each replica signal such that replica signets destined 
for output transducer* near the centre of the array are attenuated lest or amplified 

25 more than replica si goals destined for output transducers near the edges or the array, 
the amount of attenuation or amplification being determined by aid -window 
fUncnon. 

45. Apparatus according to claim 43 or 44, wherein said windowing 
30 meats is provided direcUy ufior said replication means. 
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46. Apparatus according lo any one of claims 43 to 45, whereh said 
windowing means is arranged to select a window Amotion in accordance with a 
required heron, type for thai channel 

5 47. Apparatus according lo any one of claims 43 to 4o", wherein tlw 

window function applied to a act of replicas originating from a signal representing a 
channel is altered in shape in accordance with the volume selected for said channel 

4S. AQSclhodofveaUngasoundlioldusiDfianarTayofouiput 
10 ' transducers, said method comprising: 

dividing an input signal into at least a low frequency eompoacnl and a high 
frequency ccinponem; 

using output transducers spanning a .first portion of the array to oi^pui said 
low frequency component; and 
15 using output transducers panning a second portion of said amy snnlha Hun 

said first portion to ouipul said high frequency component 

48. A method according !o claim 4S, wherein said second portion 
comprises a subset of said output transducers located neat the centre of the array. 

20 

50. A method according to claim 4$ or 49, wherein there are 3 or more 
divided signal frequency cnrrmoncnls and tho portion of the array used for a signal 
component is determined such that the ratio of the shortest wavelength in said signal 
component to the portion of array eseri to output said signal component ix 

25 jubatfttUiaUy cottstaal fundi signal components. 

51. A method according to any one of claims 48 to 50, wherein ssid 
second portion of ibe array used ibr said high frequency component is not used for 
jtad low frequency component. 



30 
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52. A melted according to any uno of claim* 48 to 5 1 , wherein said 
accor.d portion of the array used fcr said high frequency component comprises a 
greater density of output transducers than the array as a whole on average. 

5 53. An apparatus arranged to perform the method according to any one of 

cL-Jms4Sto52. 

54. Apparatus for creating a sound field comprising: 

on array of output tramducers wherein in a first area of the army the output 
1 0 ' transducers are more deasely packed (baa it (to rem runder of said array. 

55. Apparatus according tn claim 54, wherein said first area u located 
substantially at the centre of the array. 

1 5 56. Apparatus acccrriiny to claim 54 or 5 5, whereia the output transducers 

in said Dr.U area are less powerful than the output transducer* tn the remainder of the 
array. 

5?. Apparatus nccordiug K> any one of claims 54 io 56, wherein the output 
20 transducers in said 5m area arc smaller than the output transducers in the remainder 
of flic array. 

58. Apparatus according to any one of claims 34 to 57, further conrprisirg . 
means for routing a high frequency component of a signal to said first area of the 

25 array, but not to the remainder of the array. 

59. Apparatus according to any one of claims J 4 to 58, further comprising 
means to route a lov frequency components of a signal tu the remainder of the army. 



30 60. An array of outpnt taiuduccw positioned next io each other in a line; 
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wheicin each of said output transducers has h dimension in Ihc direction 
perpendicular to said line larger man the dimension parallel to said line. 

01. An »my according t© c laim GO, wherein each output transducer has an 
5 aspect ratfo defined as t\a ratic of the riinxcosior. jicrpcndi culm to the line to liic 
dimension parniicl to the Kne end said aspect ratio is at least 2:1 . 

62. An array according to claim 61 , wherein said aspect rarir» is at least 

3:1. 

10 

63. Ap. /.rray according to any one of chirr.s 69 to 62, wherein said 
arrangement is such That sound is concentrated snbstanrially in a plane containing 
said line end extending perpendicularly away otjdc the sound emitting side of said 
transducers. 

15 

64. A method of causing plural input signals representing reaped ive 
channels to appear to emanate from respective different positions in space, said 
method comprism;: 

providing n sound rcficctivc or resonant su/f&c* at each of said positions in 

20 space; 

providing on array of output transducers distal from said positions inspece; 

and 

directing, using said array of output btuwducon, sound waves of each channel 
towards the respective position in apace to cause said sound waves to be n> 
25 txattimittcd by said refloctiw or resonant surface, said sound wave* being focujsud at 
a position in space in front or, or behind, said reflective or resonant sui&ce; 

said step of directing comprising: 

obtaining, in respect of each transducer, a delayed replica of each input signal 
delayed by a respective delay selected b accordance with the position in the amy of 
30 the respective output transducer and said respective foca* position such that the 
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aound wjvca of the channel are directed towards the focus position in respect of Ihoi 
channel; 

summing, k> respect of each transducer, the respective ddoycii replies of 
cad) input signal to produce an output signal; and 
5 routing the output signals to the ics pec rive transducers. 

65. A method ncccnling to claim 64, wherein said step of obtaining, in 
respect of each ompm tran?ctoccr, a delayed r=p!ica of the input signal comprises: 

replicating said input signal snid predetermined rrjrnher times to obtain a 
10 replica signal tn respect of each outpuv transducer, 

delaying each replica of said input signal by said respective delay selected in 
accordance with the position in the array of the respective output transducer and tho 
desired position of focus. 

15 66. Am^^acxx»dingtodaim64oTcloim65, further coinprising; 

calculating, he fore said delaying step, the respective delays in iwpeet of each 
input signal replica by: 

determining the distance between ecch output transducer and the focus 
position hi respect of thai input signal; 
20 deriving respective delay values such that the sound waves from each 

transducer for a single channel arrive at said focus position in. space amtihaneousty. 

67. A method according to any one of claim* 64 to 66, whaxedn at least 
one of said surfaces is provided by a wall of a room or other permanent structure. 

25 

68. An apparatus for causing plural mput signals representing respective 
channels to appear to emanate from, respective different positions in space, said 
apparatus comprising: 

a sound reflective or resonant surface at each of said positions ;a space; 
30 an array of output transducers dis raj from said positions in space; and 
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d controller for diracting, using said array of output transducers, sound waves 
of each channel iowadi thai channel'* respective position in space such that said 
iouod wuves we re-transmitted by toid reflective or resonant surface, said sound 
waves being focuss ed at a position in space in ircm of, or behind, said reflective or 
5 resonant smfice; 

said controller comprising 

replication and delay means arranged to obtain, in respect of each transducer, 
a delayed replica of the input siguat delayed by a respective delay selected in 
accordance wrth the position in the array of the respective output transducer and the 
10 " respeciivo focus position such that (he pound wa>cs of the channel aro directed 
toward* the focus position in respect of that input aisnaT: 

adder mewl* arranged to swa, in respoct of each transducer, the respective 
delayed replicas of each input signal to produce an output signal; and 

means to route the ou'-put signals to the respective transducers such that the 
1 5 channel found waves are directed towards Ukj focus position in respect of thai input 
signal. 

69 . An apparatus according to claim. 68. wherein said controller further 
comprises: 

20 calculation means for calculating the respective delays in respect of each 

input signal replica by: 

determining the distance between each output transducer and the Jbcus 
position in respect of that input signal; 

deriving respective delay values such that the sound way* from each 
25 transducer for a single channel crrive at said focus position simultaneously. 

70. An apparatus according to claims 68 or 69, wherein said surfacea are 
reflective end have a roughness on the scale of the wavelength of sound weqnency it 
i j dcsiiod to diffusely reflect 
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71 . An apparatus according to any cnc of claims 6B to 70. wherein said 
surfaces are cpticaUy- transparent. 

72. An apparatus according to any one of claims 68 lo 7 1 , wherein a least 
S one of said surfaces is a wa'd of a roam or otlier permanent structure. 

73 . A method of selecting a direction m which to focus sound, said 
method cotnpnsjng; 

pointing a video camera In (he desired direction, using the viewfindtr or oilier 
1 0 * screen mean* to determine if the direction is that desired; 

calculating a plurality of signal delay*, to be appbed to & set of replicas of on 
input signal so as to direct sound in the selected direction. 

74. A method of determining where sound is dizected, said mfJhod 
1 5 coiminstfift! 

automatically adjusting the db.ee don in which a video camera points in 
accordance with lhr. direction in which sound is directed; 

distorting firom lbo view tinder or other screen means which direction the 
camera is pomting in. 

20 

75. A method according to claim 73 or 74, wherein said sound is focussed 
and said camera is ujorenged to be focusscd at the same position as said sound 

76. A method according to claim 73 or 74, wherein said sound is focussod 
25 using reference points in the room. 

77. An apparatus Jot setting up or monitoring e sound ricld comprising: 
cd array of output transducers; 

a dircclable video cement; 
3D means controlling raid array of output transducers and said video camera su cfc 



(104) 



JP 2004-531125 A 2004.10.7 



-63- 

thai video camera point*? in the sane direction &j a sound beam from said array 
is directed. 

78. An apparatus according to claim 77, wherein said camera is Attached 
5 to ofiid away. 

79. An Apparatus according to claim 77 or 78, wherein said sound beam b 
arranged to be fceubsed nod camaa is arranged Co be focusscd il .substantia t ly 
the same point 

10 ' 

80. An apparatus according to claim 77 o/ 79, wherein said sound beam is 
arranged lo be focusscd at a reference point within the camera's field of view. 
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